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· IN TRODUCT ION 
The reas on for under taking this res earc h was to determine t he effect 
of plant spacing on s oyb ea �s in South Dako t a. I t  has b ee n es tim ated 
( 2 7 )  that the average s o yb ean yield could be rais ed 7 to  10 b ushels per 
acre by us ing improved varieti es ,  contro lling weeds , p lanting as early 
as p os s i ble , p ract icing good s oi l  and crop management ,  s .elect ing the 
pro per r ow spacing an d p lant po pulat ion and u sing i mproved cu ltural 
p ractices . 
Sp eci fi c  r esearch obje c t ives were : (1) to s tudy s oy bean gr owth , 
yiel d an d o ther p lant ch aracteris ti cs w ith different plant s p acings and 
p lant pop u lat ions , ( 2 )  to det ermine t he diff erences b etween narrow a nd 
wide r ow  spacings at different plant populations and (3) to  meas ure th e 
e ffects of plant and row sp acing on yi eld po tential under Sou th Dako ta 
conditions . 
Although the s oyb ean has no t b een the s ub ject  o f  ver y ext ens ive 
gene tics res earch , p lant characteris ti cs and cul tural p rincip les of 
producti on ha ve long b e en s tudied by agricultural workers interes ted in 
soy bean producti on .  According to Piper and Mors e (19 ) , t he f irs t 
mention of the s oyb ean in Ameri can li terature is by Meas e in 1 80 4 . Soy ­
b eans were firs t grown as a forage crop . Caviness ( 3) indicates tha t  
soy beans were introduced into this country wi th production methods 
si mi lar to o the r row crops . The width b e t ween rows was maintained at 
24  to 36 inches in 19 2 2 . 
When soybeans firs t came into the corn belt in the 19 30 's ,  
I l linois agronomis ts sho wed t hat op t imum yields were ob tained f rom 
narrow row sp acing ( 1 7 ) . Due to the eas e wi th whi ch s o yb eans could b e  
planted and cultivated wi th corn equipment , however ,  mos t  f armers 
s t ill us ed 4 0  inch row sp acing . In 19 5 8 ,  Pe nd leton , Bernard and Hadley 
(17 )  de c ided to t ake ano t her look at narrow row culture . They indi cated 
that an advantage for 24 inch rows over 40 inch rows occurred on three 
Agrono my Resear ch c en ters loca ted in Illinois . 
In re cent years the effect o f  plant sp acin � on s oyb e an y ie ld h as 
been t he sub ject  of many inves tigations . Res earch showed ( 5 )  that c lose  
planting ens ures b e t t er emergence i n  crus ted soil , p rovides more 
compet it ion for weeds and compens ates for me chani cal los s es caus ed by 
t illage equipmen t. Manne ri ng and Johns o n (15)  fo und that water 
inf iltrat ion was 24% greater and s oi l  loss by eros ion 35% les s  from 
narrow th an f rom wide rows . They dis cus s ed row spacing from the s oi l  
eros ion · contro l s ta ndpoint and us e of narrow row s o yb eans would app ear 
more b enef ic ia l  than narrow- row corn because of comp aratively lower 
so il and water los s po tent ial . 
S tudy of p ub li �hed p roduct ion and res earch data shows tha t  many 
th ings have to  b e  included . The effect of plant spacing o f  s oybe ans on 
y ield , the ind irect influence of plant charact ers and effe c ts on the 
s o il have to b e  taken into cons ideration . 
Our ob jective in this res ear ch has b een to s tudy and measure 
relative advantages of narrow versus s ta nda rd spacing in S o uth Dako t a . 
We s tudi ed p lant spacing , populat ion , p lant characteris ti cs , plant 
he igh t ,  canopy wi d th , maturi ty , lowes t pod heigh t , nu mber o f  s ter ile 
nodes ,  b ranch ing , nu mber of s eeds p er plant , s eeds ?er pod , s eed s i ze , 
ground coverage , oi l and pro tei n contents and yie ld .  P l an t  
ch aracteris tics and seed y ields were als o evaluated b y  s tudy o f  
c orrelation b e tween each of s eve ral factors and yield . 
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REVIEW OF LIT ERATUR E 
E f fect  o f  Ro w Spacing and P lant Populat ion 
on Some C harac teris ti cs o f  So ybeans 
Many res earch ers h a ve s tudied the eff ects of variation in row 
width and plant s p acing in the row on agronomi c characteris t i cs of  
soyb ean .  Lehman and La mb er t  (13), us ing 20 and 40  inch row s pacing , 
found variab le e ffects o f  s p acing wi thin the row .  Four comp onents of 
yield were affecte d to s ome degree by _spacing , howe ver ,  s eed and pod 
numbers were aff e c ted more than s eed wei gh t and s eeds per p od . The 
relati ve importance of b ranches vari ed wi th spacing for s eed and pod 
numb ers , but  h ad lit tle or no effect on s eed we igh t  and s eeds per p od .  
Varie ties react dif ferently to rates of s eedi ng and row wid ths . 
Maturity , growth type , date of p lanting and s eed s i ze o f  s ele cted 
varieties should b e  care fully consi dered in s ele c ting s eeding rate and 
r ow wi dth (12) . Plants produced at highes t dens i ties were t aller (12, 
16). The exp erimen ts conducted in Illinois by Pendleton , Bernard and 
Hadley (17) showed no great di f ference in s tandab ili ty b etween 2 4 , 32  
or -40 inch row spacing b u t  s ome sp aced 8 inches apart lodged b ad ly . 
The effect of row spacing on plant heigh t  als o depends on rainfall 
be caus e p lants in narrow rows tend to be  taller than thos e in 40 inch 
rows when mois ture is p lenti ful . 
Lodging , w hi c h is correlated wi th p lant heigh t , increas ed wi th 
clos e p lant s pacing (12, 16) and decreas ed wi th increas ed p lant 
s pacing in the row . P ro bs t  (20) attrib uted s ignificant variety x 
spacing interactions ob t ai ned for s eed yield largely to di f feren tial 
lodging o f  varieties across spacing treatments . Lodging increas ed 
with increasing - dens_i ty in the row , while hei gh t , s ee d  s i ·ze · and 
maturi ty were generally unaffected . P lant s pacing in the ro w als o 
affe cted retention of  leaves on the plant . As plant s pacing was 
increased ,  leaf retention de creas ed ( 16 ) . From a practi cal s tandpoint , 
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incre a sed yield from clos e plant spacing out weigh s the dis a dvant a ges of  
increas ed lodging and leaf  re tention . 
Lehman and Lambert ( 13) found that 20 inch rows generally out -
yielded 40 inch rows , whi le yield dif ferences due to i nt r a-row s pa cings 
were inconclus ive . S eed weigh t and s eeds per pod were n ot af f e cted 
appre ciab ly by sp acing o r  p opulation change , whereas t he numb er of 
s eed pods and branches per p l ant decre ased wi th increa sed p lan t  
population . Web er , Shib les and By th ( 2 8) report that s oyb e an s tem 
weigh t , s tem thi cknes s  and b ranch numb er were highly correl ate d  wi th 
s eed yield . The authors ( 2 8) indi cate in their paper tha t , Ob a et . 
al . found th at lower p opulation res ul ted in greater pod s e t  and 
increa s ed dry mat ter p ro duction of leaves and s tems . 
S pacing wi thi n-the row h ad a cons i derab le effect on s eed s i ze (1 6) .  
Clos e p lant sp acing p roduc ed the smalles t s eeds and wide s pa cing 
p roduce d  the larges t s eeds . An exp eriment conducted by Leffel  and 
B arb er (12) , during 19 5 3  and 19 5 4 , showed that increas ing s eedin g rates 
de creas ed p lan t  maturi ty i n  late planted s oyb eans of Group IV maturity . 
Han way ( 8) and Web er and Weiss  ( 26 )  showed that b ranching o f  plants 
increas ed as spacing b etween p lants increas ed . 
-
The p os s ib ili ty th at o i l  content in s oyb eans ma y b e  influenced by 
pl ant competi ti on app ears to have b een s ugges ted firs t by Hartwig 
.!!!· al . (9 ) . Hans on e t . a l. ( 7 )  were unab le to detect  any s i gnifi cant 
effect upon oil  and p ro tei n co ntent due to vari a ti ons in pla nt 
co mpeti tion , as meas ured b y  s eed yield . Dona va n, Di ililllo ck a nd Cars on 
( 5 )  found th at oil content was highes t at the 35 x 3 pla nting pat tern . 
I n  ge neral , oil  percentage. de creas ed as thes e dis ta nces were r educed . 
Ho wever , the ro w x p lant spacing i nteracti o n was significan t . The 
greates t contrib ution to th is see med to ha ve b een made by one-inch 
plan t  spaci ng .  
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Protein was no t as s ens i tive to plant s pacing as was oi .l (5) . Only 
be tween extre mes of re lati vely intens e levels of p lant co mp e t i tion , as 
influenced by pla nt sp acing wi thin the row ,  did a s i gnificant difference 
in pro tei n pe ;rce ntage o c cur . A trend to ward lower p ro tei n wi .th wider · 
sp acing was obs er ved in their data . Differe nces i n  ro w spacing did not 
no ti ceab ly affect  quali ty or che mi cal co mpos i tion of s eed in the 
experi ment conducted by P endlet on , Bernard a nd Hadley (17) . 
P lant S pacing a nd Yield 
Experi ments conduc ted by Nelson and Rob erts ( 16 )  sho wed s ix 
varieties yielding highes t at 24  inch row spacing and lowes t a t  40  inch 
sp acing . Ott awa Mandarin , Cap i tal � Chi ppewa , Meri t ,  Grant and Norchief 
were qui te diff �r en t  in maturi ty and plant heigh t  and . the yield 
adva ntage of  2 4  inch ro ws o ver 40 i nch rows was ab out 15 percent . A 
s i milar experi ment was carried ou t by Pendle ton , Bernard and Hadley (1 7) 
in I llinois . They i ncluded four ro w spacings (8 , 24 , 32  and 40 inches ) 
and four varie ties . C lark , Shelby , Haros oy and Chipp _ewa each p roduced 
maxi mu m  yield i n  24  inch row spacing with lower yields fro m wider row 
spacing . The yiel d advantage for 24 inch rows over 40 inch rows -was 
about 15 percent . 
An expe riment was conducted by Cooper and Lam bert (4)  in Minnes o t a  
with 24 and 40 inch spac ing and s eeding rates o f  60 and 9 0  pou nds p e r  
acre . Ch ippewa averaged 10 perc ent more in 24 inch rows than in 40 
inch rows and Merit  averaged 2 1  percent more . The highe s t y i e ld was 
ob ta ined wi th the lates t var iety . Shi bles , Lovely and Thom ps on ( 2 3 )  in 
Iowa sh owed maximum yield o f  4 7 . 9  bush �ls per acre in the narrowes t row 
spacing of 10 inches wi t h  40 . 1  bu shels at 20 inches and 35 . 4  b ushels at 
40 inches . The increas ed yi elds over 40 inch row spacing wer.e 35 
percen t for 10 inch and 13 percent for t he 20 inch row spacings . 
According to the Iowa res ear chers , s oyb eans cons is tentl y res p onded t o  
reduced row width and yielded highes t when soli d dri lled , provided 
weeds were controlled . I f  s oyb eans are cult ivated , rows should b e  as 
narrow as equi pment wi l l  h andle . 
Web er , Shib les and By th (28) us ed p lant populations o f  ab out 2 6 , 
5 2 , 105 and 210 thou �and plants per ac re planted in 5 ,  10 , 20 and 40 
inch rows . Avera ge y ie ld across all row widt hs was generally highes t 
at  5 2 , 000 p lants per acre and the b es t  yield was from 10 inch row 
spaci ng .  In Canada , Donavan , Di mmack and Cars on (5)  kep t row spacing 
at 7 inches wi th inter-row p lant spacing o f  1, 2 ,  3 and 4 inches . 
Spacings o f  3 t o  4 inches b e tween p lants were bes t  b ecaus e p op ulation 
was prob ab ly too high wi th clos er sp acing . P lant pop ulation was 
maintained at 1 ,  2 ,  4 ,  8 ,  12 and 16 plants per foo t  in an ex periment 
conducted by Johns o n, and Harris ( 11) in Georgia . They ob t ained the 
7 
a· 
highes t yield us ing 4 p lants per foot , and higher p opu lat i on p roduced 
no advantage . 
Hill populations of 3, 6, 9 and 1 2  plants o f  " Clark 63" and 
"Haros oy 6 3" s oyb eans were· eva luate d in a sys tematic des ign when yield 
and ot her characteris ti cs were s tudied by Shannon , Wi lcox and Probs t 
( 21 )  at h ill spacings from 1 2  to 48  inches . Yie ld increas ed as sp acing 
b etween hills increa sed a t  a ll populati ons of p lants p e r hil l. 
Seed yields were no t increas ed in Missis s ipp i and Florida by us ing 
·narrower row s than 36 to 40 inches , according to Hart wi g  (10 ) and 
Smi th (24) . Cav ines s  (3) shares the s ame opinion as i.ndi cated by his 
co mment " • • .  s oybeans do no t respond the s ame to di f ferent row s pacing 
under the various envi ro nmenta l condi tion exis ting in diff erent areas 
o f  the Uni ted S tates . "  It was concluded by Hartwig ( 9 )  tha t  the row 
width whi ch wi ll result in maximum yie ld is dep endent p rimari ly on 
length of growing se as on ,  gro wth type of variet ies and fertili ty level 
of the s oi l . Therefore , i t  is no t surpris ing that results from 
different p arts of �he Uni ted S ta tes do not agree s ince the s e  and o ther 
factors di f fer in different areas . According to Leffel and B arb er ( 1 2 ) , 
narrower rows may b e  a factor of increas ed production in the South wi th 
late p lanted s oyb eans but  full s eas on p lanting wil l produce no narrow 
row advantage over rows spaced 36 to 40 inches ap art . 
Weed Control , Cu ltura l Practi ces 
and C an opy Covera ge of the P lants 
The mos t cri t ical period of soy�ean weed contro l is  during the 
s eed ling s tage ( 6 ) . At lat er s tages of gro wth , shading from the crop 
is usually a dequate to inhib i t  weed growth , esp ecially in the rows . 
Unfortunately , in wet years de pendence on cultivation to con t rol weeds 
in normal s oyb ean row widths of ten a llows wee ds to get ahead of the 
cro p. One of the im portan t  reas ons for shif ting to the now co mmonly 
acce pted row planting was fo r greater efficiency in weed control ( 29 ) . 
According to Weiss ( 2 9 ) , soyb eans were firs t grown in this country by 
p lanting them wi th a conventional dri ll . The author indi cates that 
" • • •  cons iderab le evi dence is  ci ted indi cating th at narrow rows 
cons is tently yield more t han conventional 36 to 4 2  inch rows , but  that 
drilled rows of ten yield no b et ter th an widely s paced rows . "  Frans (6)  
concludes that s oyb eans in narrower rows prob ab ly shade the s oi l  
earlier than thos e grown in wider rows reducing weed com pe ti ti on and 
resultant yield los s . Where nei ther herb i cides nor cul tivation were 
us ed to control weeds in intermediate row widths , com pe t i tion was 
s e vere . 
According to P endleton , Bernard and Had ley (17 )  i t  is  diffi cul t to 
contro l weeds in 8 inch rows , b ecause cultivation has to  be done wi th a 
ro tary hoe . They in di cate weeds in the 8 inch rows while o ther 
spacings were nearly weed free a lthough 8 inch rows generally yielde d  
more than 4 0  inch rows . Wi thout weeds , they migh t als o yield b e t te r  
than 24 inch rows and they conclude that  when more effective and 
cheaper herb i cides b ecome avai lab le ,  dri lling s oyb eans in 8 inch rows 
mi gh t well b e come the mos t  e conomi cal me thod of product i on . 
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Res earch dealing wi th the cano py of s oy �ean plants ( 2 2 )  showed 
gr eater ligh t  penetration provi ding illumination to more leaves wi thin 
the cano py resulted in great er yields . Shib les , Lovely and Thom ps on 
(2 3) indi cate that yield increas e from row s pacing results from im proved 
·10 . 
interce pt ion of s unligh t  and a higher percent of dry mat ter convers i on 
to b eans in narrow rows . S o lid drilled ( 10 inch row) b eans intercep ted 
10 percent more sunligh t during the s eas on than 40 inch r ows and , 
therefore , produced more dry mat ter . They s tate ( 2 3)  
. • •  s oyb eans consis tentl y respond to reduced row width . 
S oyb eans yield highes t when s o lid drilled , provided 
weeds are controlled . If  b eans mus t be  cul tivated , rows 
should b e  as narrow as e qui pment wi ll handle . 
E f fects of b ranch removal wi th t hre e e quidis tant plant s pa cings 
on yield and light  pene trati on o f  "Way ne" soyb eans were s tudied by 
Beurlein and e t . al . (2) a t  Urb ana , I llinois . Newl y forme d b ranches 
were removed from p lants  grown in equidis tant s pacing of 10 , ·1 2 , and 1 4  
inches . The results of this res earch showed that a great ma jori ty of 
the incident vis ib le li gh t  was interce pted in t he u pper 25 percent of  
the cano py during b o th b looming and pod filling s tages . Ligh t  
. penetration into t he canopy increas ed as spacing between p lants 
increas ed in b o th b ranching treatments at each s tage of grow th . B ranch 
removal had no effect on ligh t  pene tration during the pod-filling s tage . -
One o f  the rece �t res earches on cano py width of  s oyb eans ( 1 4) 
s ho wed t hat t he ma jor change with t ime on canopy geometry o c curred in 
the u ppermos t h�micylinder of leaves whi ch increas ed in heigh t  and 
lateral s pread . Measurements w ere made of cano py outline , leaf area 
inde x  and radia tion environment of a s oybean row cro p a t  s everal s tages 
of growth . The proportion of energy reflected and reradiated fr om the 
to p  of the cano py increas ed dur ing the s eas on and may b e  related to 
increases in b o th leaf area index and lateral s pread of the cro p. 
Perrier et . al. ( 1 8) s tu die d air movement wi thin the s oyb ean 
cano py .  The turb ulent s tructure of wind wi thin and ab ove a s oyb e an 
cano py was meas ure d utili zing ob s ervations of wind s pee d, s tan dar d 
deviati on ,  and f re quency d is tributi ons . The data demons trate d that 
flui d motion dis s i pates to low levels wi thin a cro p cano py .  The high 
values of turb ulent intens i ty wi thin the canopy sh owed als o the 
im portance o f  mi cro- s cale turbulence in de termining the exch ange o f  
energy and mat ter b e tween the plant leaf and the lower atmos phere . 
Cano py s tructure di f ferential is r eflected in the ob s e rvation by 
Mannering and Johns on ( 15 )  that s oi l  eros ion and water · lo ss are 
reduced when s oyb eans are planted in narrow rows . 
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EXPERI MENTAL PROC EDURE 
This  ex periment was conducted in 19 71 at the Plant S cience Farm of 
S outh Dakota S tate Univers i ty on the eas t edge of  the campus in 
Brookings . The res ear ch fi eld was drill planted to s oyb eans as a cover 
crop in 19 70 , was p lowed in the fall of 19 70 and disked and harrowed the 
following spring . Before p lanting , soil was leveled and marked for 
length o f  ranges and wi d th of  rows . No herbi cide was u sed on the p lo t . 
P lanting was done on May 26 and 2 7  w hen counted s eeds for  each row 
were s eeded wi th a hand p lanter . Throughout the growing s eas on , weeding 
and hoeing were done manually whenever nee ded . Weeding was done 10 days 
af ter emergence and was repeated every two weeks . Rainfall amounted t o  
only . 10 . 4  inches f rom Ap ri l through Sep temb er whi ch was 2 . 8  inches b e low 
normal* but low temp erature re 9uced drough t s tress . S amp le area p l ants 
were cut at ground level while yield tes t plants were cut or b roken at 
ab out four inches and threshed by machine in the field on O c t ob er 20- 2 1 . 
Varieties and P lant Spacing 
S oy bean varie t ies us ed in this exp eriment included Anoka , 
Chippewa 6 4 , Dunn and Wir th of Group I** maturi ty and Cors ey o f  Group 
II** maturi ty •. Hi gh quali ty Foundat ion s eed of each o f  these vari e t ies 
was ob tained from S ou th Dakota Foundation Seeds to cks Divis ion in the 
s pring of 19 7 1  . . Thes e  varieties were sel ected to p rovi de a wi de range 
*S outh Dako ta weekly weather , crop a nd lives tock reports , 19 7 1 ,  No . 8 
through 2 8 . 
**S oybean varietie s are divided into Group 00 , 0 ,  I ,  I I , I I I ,  e t c .  in 
order o f  early to late matur ity . 
in p lant types and des i ra ble ran ge in maturi ty . P lant spaci ng an d 
population were b as ed on di s tance b etween rows and space b e twe en p l ants 
wi thin rows . Seedling rates were ad jus ted to prod uce des ired s tands 
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wi thout thinning by as s uming ab out 75 -80 percent emergence and s urvival . 
Tab le 1 s hows s e eding rate and p opulation desired for each row spacing . 
Tab le 1 .  P l ant PoEulat ion � S eeds Planted a nd Des ired Stand 
P oEula tion Seeds and Plant s P e r 25 Foo t  Row 
10 inch ro ws 20 inch rows 30 in ch rows 
Code P lants /Acre S e ed s Plants Seeds P lants Se.ed s P lants 
A 80 , 000 51 38 10 1 76  153  115 
B 120 , 000 76 5 7  153 115 . 2 29 1 7 2  
c 160 000 10 1 76 . 20 4 153 30 5 2 2 9 
Populations were ve ry clos e to intended numb ers for mos t varieties 
and spacings but  were s l ight ly low for Corsoy . Replanting to increas e 
s tands was at temp ted bu t was no t effec tive be caus e of s tunting o f  late 
p lanted s eedlings . 
P lo t  Techni que 
The experimental des ign was a Sp li t Block (Randomi zed Comp lete  
Blo ck) des ign w ith four rep lications and nine treatments . Each p lo t  was 
25 feet long and 10 feet wi de and included twelve 10 inch rows , s ix 20 
inch rows or four 30 inch ro ws .  Central rows of each p l o t  were 
harves ted t o  p rovide yield tes t areas of f if ty s quare feet indep enden
t 
of b order rows . The center s i x ,  three and two rows were harves t
ed from 
-
10 ,  ·20 and 30 inch row plots , respectively , and length o f  the h arve
s ted 
area was ten feet for each p lo t . 
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Data Co llec tion 
P lo t  evalua tions included measurements from the ent ire fi eld p lo t , 
the fif ty sq uare foo t y ield tes t area or from a smaller f i f teen s quare 
foo t s amp le area .  The s ample area included only central rows f rom each 
plot jus t  like th e yield tes t area and all plants were s aved for 
detailed measurements . P lants were cut at ground level one week b efore 
harves t and obs erva tions were made on plants on an individual b as i s . 
P lant heigh t : 
Canopy width : 
Ground cover : 
Maturi ty : 
The dis tance from ground level to tip of  s tem in 
centime t ers . The firs t p lant heigh t  meas urement was 
taken on June 14 (s eedling s tage }, the s e cond was on 
October 6 ( ma turi t y s tage) . 
Two ob s ervations included : (a) The foliage wid th of 
e ach row was meas ured in centimeters on July 9 (earl y) . 
To provide a comparison b etween canopy coverage in 
different s t ages , meas urements were converted t o  
p ercentage of ground shaded . (b ) On July 29 , the 
cov �rage area and percentage of shaded ground was 
recorded again ( late summer obs ervation) . 
Th e ground s urf ace area covered b y  p lant materials was 
obs e rved and recorded on a percentage b as is a t  
maturi ty . 
I t  was re corded as the numb er of days s ub s equen t  to 
S ep temb e r  20 when all leave � dropped and nine t y-five 
p ercent or more pods were ripe . 
Leaf ret ention : T he percentage of the leaves remaining on p lants was 
es timated on S ep tember 20 . 
Lowes t pod : 
Number of 
s t erile nodes : 
Bra nchi ng :  
Podding : 
Seedi ng :  
Seed s ize : 
Oil a nd Pro tei n 
co ntents : 
The dis tance in ce ntimeters was meas ured f rom grou nd 
level to the f irs t node havi.ng a pod o r  bra nc h  for 
each p la nt .  
The b as al area was evaluated for num ber o f  s terile  
nodes or l ower nodes no t having pods . 
E ach p lant was re corded according t o  numb er o f  
bra nches . 
Numb er o f  pods were s eparately cou nted f or main s tem 
and entire p la nt .  The pods o n  b ranches w ere re corded 
o n  a percentage b as is . 
S eeds p er pod and s eeds per plant were re corded by 
counti ng for each p lant . 
Grams per 10 0 s eeds was de termi ned from a randomly 
s elected s amp le of clean and who le s eed . S eeds us ed 
for s eed s i ze de termination were take n from the yield 
s amp le . 
S eeds were evaluated for oil and p ro tein percentage . 
Analys is was made by The Regional Soyb ean Tes ti ng 
Lab oratory in I llinois o n  a dry weigh t  b asis . 
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Yield : S eed yields were ob tained by weighing threshed cleaned 
s eeds and are reported in kilograms p er hec t are . 
A ll s tatis ti cal analys es (analyses of v &riance , orth ogonal 
comparis ons , correlatio ns ) were made as pres crib ed by S teel and Torrie 
(25) . 
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RESULTS AND DISCUS S ION 
S oybean growth under different row s pacings and p lant populations 
was s tudied in te rms o f  yield and p lant growth characteris tic s in five 
varieties . Results  ob tained f rom the en tire exp eriment are p resented 
a nd dis cus s ed in this s ec tion . 
P lant Growth and Ground Cover 
P lant Heigh t  
P lant heigh t  was measured at t wo s tages of growt h and results are 
p res ented in Tab les 2 and 3 .  Results illus trated in Tab le 2 indicate 
s eedling heights 10- 12 days af ter planting . In general , wi de row spacing 
a nd high population appeared to increas e p lant height  in all varieties . 
S ta tis tical analysis of  s eedling heigh t showed (Tab le 4) d ifferences 
were signi fi cant in row spacing as well as in plant pop ulation (P < 
0 . 01 ). Dif fe rences were als o found in varieties and in the interaction 
between varieties and s pacings . 
P lant heigh t  of · s oyb ean p lants at maturi ty was no t s igni fi cantly 
affected by treatments or interactions (Tab le 4) . F tes ts f rom the 
analysis of  vari ance showed highly s ignificant (P < 0 . 0 1) di f ferences 
be tween the varie ties . 
Plant Canopy and Ground Cover 
Measurements of canopy wi dth at two s tages of growth are shown in 
Tab les 5 and 6 .  Res ults show increas ing can Qpy width as p lant dens i ty 
i ncreas ed wi th a rapid i tlcreas e in mid-s ummer . Full canopy coverage 
was reached firs t in narrow ro ws at highes t plant populations· but was 
never obs erved for s ome wi de row p lots . (See Figures 1 and 2 ,  Appendix) 
1 7  
Tab le 2 .  Ear ly P lant Heigh t  of  S eedlings (Centime ters ) 
Row sEacing (inches ) 
Varieties B lo cks 10 20 30 Means of 
A* B* C* A B c A B c Vari eties 
1 5 . 5  7 . 0  6 . 6  6 . 0 6 . 3  6 . 0 5 . 5  6 . 5  6 . 5 
Anoka 2 5 . 2  5 . 1  6 . 1  5 . 8  6 . 5  5 . 5  5 . 5  5 . 5  5 . 5  
3 6 . 3 5 . 0 5 . 7  6 . 8  5 . 5  6 . 6  6 . 4  6 . 1  6 . 0 
4 5 . 0  5 . 3  5 . 3  5 . 6  4 . 2  5 . 1  5 . 3  5 . 5  6 . 1  
Means 5 . 50 5 . 60 5 . 9 2  6 . 05 5 . 6 2  5 .  80 5 . 6 7 5 . 9 0  6 . 0 2  5 . 7 8 
1 6 . 4  7 . 3  6 . 7  7 . 5  7 . 0  8 . 0  6 . 7  7 . 2  9 . 0 
Chippewa 2 7 . 2  6 . 6  7 . 5  7 . 0 t. 2 7 . 5  6 . 0 8 . 0  8 . 0  
j 5 . 0  5 . 6 6 . 5  7 . 8  8 . 2  8 . 9  8 . 0  7 . 8  8 . 2  
4 5 . 7 5 . 3  5 . 5  7 . 0 5 . 8 6 . 5  6 . 0  6 . 6  7 . 5  
Means 6 . 0 7  6 . 20 6 . 55 7 . 32 7 . 05 7 .  72  6 . 6 7 7 . 40 8 . 1 7 7 . 0 1  
1 5 . 2  5 . 6 6 . 2  6 . 5  6 . 5  6 . 5  5 . 2  5 . 1 6 . 5 
Cors ey 2 6 . 0 6 . 0 6 . 1  7 . 0 8 . 0  7 . 0 5 . 4  6 . 3  6 . 4  
3 5 . 5 5 . 7  7 . 0 6 . 5  5 . 6  6 . 4  7 . 0  7 . 5  7 . 5  
4 4 . 9 5 . 1  5 . 6  5 . 0 7 . 0 5 . 7  5 . 5  5 . 5  6 . 3  
Means 5 . 40 5 . 60 6 . 2 2 6 . 25 6 . 7 7 6 . 40 5 . 7 7 6 . 10 6 . 6 7  6 . 1 3 
1 6 . 5  7 . 5  6 . 6  7 . 8  8 . 8  8 . 9  6 . 5  7 . 5  9 . 4  
Dunn 2. 7 . 2  8 . 0 7 . 5  7 . 1  8 . 7 8 . 0 8 . 6  9 . 4  9 . 8  
3 7 . 3 8 . 0  7 . 0  7 . 7  7 . 7  8 . 9  8 . 5 8 . 0  9 . 8  
4 6 . 0 6 . 2 6 . 3  6 . 3  7 . 3  8 . 5  6 . 5  8 . 5  8 . 0  
Means 6 . 7 5 7 . 4 2 6 . 85 7 . 2 2 8 . 1 2  8 . 1 2  7 . 5 2 8 . 35 9 . 25 7 . 7 8 
1 7 . 5  7 . 2  8 . 0  7 . 2 8 . 6  9 . 7  7 . 2  8�6 9 . 7  
Wirth 2 7 . 5  8 . 2  8 . 2 7 . 7  8 . 0  9 . 1  6 . 4  8 . 0  8 . 3  
3 . 7 .o 7 . 0 8 . 5  7 . 2  7 . 4  8 . 2 8 . 8  9 . 3 9 . 6  
4 5 . 0 5 . 7  6 . 7  5 . 8  5 . 4  6 . 0 6 .o. 8 . 0 7 . 3  
Means 6 .  75 7 . 0 2  7 . 85 6 . 9 7  7 . 35 8 . 25 7 . 10 8 . 4 7  8 .  7 2  7 . 6 1  
Over all means : 6 . 09 6 . 37 6 . 6 8  6 . 76 6 . 9 8  7 . 25 6 . 54 7 . 24 7 . 76 
Spacing means : 6 . 38 6 . 9 9 7 . 18 
. *Plant population means : A = 80 , 000 p lants /acre = 6 . 46 
B = 120 , 000 plants /acre = 6 .  86 
c = 160 , 000 p lants /acre = 7 . 23 
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Tab le 3 .  Average P lant He ig ht at Ma tur it y  (Cent imeters ) 
Ro w s :eac ing ( inches ) 
Var ie t ie s  Blocks 10 20 30 Means of · 
A* B* C* A B c A B c Var iet ies 
1 76 71 72 6 4  5 7  6 2  75 70 6 7  
Anoka 2 61  68  62  62  63 6 5  68  62  6 8  
3 6 6  6 3  69 7 2  6 5  79 66 6 5  6 7  
4 7 2  7 6  6 9  7 4  69 73 70 7,2 7 4  
Means 6 8 . 7  69 . 5  6 8 . 0  6 8 . 0  63 . 5  69 . 7  69 . 7  6 7 . 2  6 9 . 0  68 . 1  
1 6 2  7 1  6 7  6 2  6 3  6 7  6 8  7 1  6 8  
2 71  7 8  6 7  76 60 7 2  7 8  6 7  7 3  
3 6 8  7 5  6 1  83 76 7 7  75 75 73 
4 7 5  79 6 5  83 86 81 75 84 78 
Me ans 69 . 0  75 . 7  6 5 . 0  76 . 0  7 1. 2 74 . 2  74 . 0  7 4 . 2  7 3 . 0  7 2 . 5  
1 75 74 78 78 82 86 85 7 7  81 
2 '7 1 6 7  76 88 7 2  7 5  70 7 3  8 2  
3 84 72 84 75 74 70 76 80 83 
4 7 7  82 6 8  9 7  90 84 . 88 9 7  9 0  
Means 76 . 7  73 . 7  76 . 5  84 . 5  79 . 5 7 8 . 7  7 9. 7  81 . 7 84 . 0  79 . 4 
1 74 7 1  76 71 73 72 74  76 75  
2 7 2  7 1  76  69  73 72 7 1  7 3  6 7  
3 74 70 7 7  71 72  75 7 1  76 7 1  
4 7 8  85 80 76 86 82 81 81 7 6  
Means 74 . 5  74 . 2  7 7  . 2  71 . 7 76 . 0  75 . 2  74 . 2  76 . 5  7 2 . 2  74 . 6  
1 80 75 79 70 7 1  71  75 71 6 4  
2 6 3  6 6  7 4  6 9  7 1  71 71 7 2  6 7  
3 , 75 76  77  74 72 74  76  75  73 
4 7 2  8 2  6 8  7 2  7 2  82  74  73  72  
Means 72 . 5  74 . 7  74 . 5  7 1. 2 7 1. 5  74 . 5  74 . 0  7 2 . 7 6 9 . 0  7 2 . 5  
O ver all means : 7 2  . 2  73 .5 7 2 . 2  74 . 2  7 2 . 3  74 . 4  74 . 3  74 . 4  7 3 . 4  
Sp acing means : 7 2 . 7 73 . 7 7 3 . 4  
*Plant p opul at ion means : A =  (80 , 000) = 73 . 6  
B = ( 120 , 000 ) 73 . 4  
c = ( 160 ,000 ) = 74 . 1  
Tab le 4 .  Analys is of Var iance for Plant He igh ts 
S ource 
Rep l icat ions (R) 
Var iet ies (V) 
C vs A ,  Ch , W, D+ 
A vs Ch , W,  D 
Ch vs W, D 
W vs D 
.R x  V 
Spac ings (S ) 
1 vs 2 ,  3+t 
2 VS 3 
R x  S 
v x s 
R x  V x S 
-Populat ions (P ) 
A vs B ,  C ++t  
B vs C 
R x P  
V x P 
s x p 
R x V x P  
R x  S x P 
v x s x p 
Error 
D . F .  
3 
4 









2 4  
1 2  
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+ C = Cors oy ; A = Ano ka ;  Ch = 
+r 1 = 10 inch ; 2 = 20 lnch ; 3 
++t- A = 80 , 000 p lants  per acre ; 
* 
C = 160 , 000 plants per acre 
S ign if icant at 0 . 0 5  le vel 
** S ign if icant at 0 . 0 1  le vel 
S eedl ing 
he igh t 
5 1 . 71** 
114 . 0 4** 
9 8 . 50** 
310 . 74** 
4 4 . 9 7** 
2 . 23 
3 . 73** 
44 . 6 1** 
86 . 31** 
2 . 9 2 
5 . 0 1** 
4 . 19 ** 
2 . 65 
38 . 6 3** 
5 7 . 6 3** 
19 . 64** 
2 . 5 2* 
2 . 88* 
2 . 9 0* 
0 . 6 5  
1 . 36 
1 . 5 3 
F 
Ch ippe wa ; W = Wirth ;  D 
= 30 inch 
B = 120 , 000 plants per 
Late plant 
he igh t  
4 4 . 2 5 * *  
5 1 . 6 9 ** 
136 . 9 7** 
6 1 . 20 ** 
2 . 98 
5 . 6 2* 
4 . 0 4 * *  
4 . 23** 
4 . 06 * *  
3 . 11** 
0 . 08 
3 . 51** 
1.56 
1 . 9 4  
1 . 36· 
1 .  7 3  





Tab le 5 .  Early Cano py Coverage of S oyb eans (Percen t) (July 9 )  
Row s pac ing (inches ) 








A* B * C* A B C A B C Var ie ties 
1 9 7 . 2  9 9 . 9  9 9 . 9  51 . 7  6 1 . 6  55 . 7  40 . 7  49 . 2  3 8 . 7  
2 9 5 . 7  9 9 . 9  9 0. 0  60 . 4  5 7 . 1  60 . 2  39 . 4  4 2 . 0  46 . 1  
3 9 1 . 2  9 1 . 7 9 9 . 6  55 . 7  6 3 . 0  6 3 . 0  36 . 1  39 . 4  3 7 . 4 
4 9 3 . 3  85 . 0  90 . 0  6 3 . 6  6 7 . 5  6 3 . 6  44 . 0  37 . 4  40 . 7  
9 4 . 3  9 4 . 1  9 4 . 9  5 7 . 8  6 2 . 3  60 . 6  40 . 0  4 2 . 0  40 . 7  6 5 . 1  
1 9 8 . 4  9 9 . 9  99 . 9  6 3 . 0  J0 . 3  72 . 2  4 2 . 6  5 5 . 1  4 3 . 3  
2 97 . 2  9 4 . 5  9 5 . 7  59 . 1  6 8 . 9  74 . 8 5 2 . 0  50 . 5  5 3 . 1  
3 100 . 0  9 9 . 6  9 5 . 7  7 2 . 0 76 . 8  7 8 . 7 51 . 2  5 8 . 4  6 3 . 0  
4 100 . 0  9 6 . 9  9 5 . 7  70 . 1  7 2 . 0  7 7 . 4  49 . 2  5 3 . 1  6 1 . 7  
9 8 . 9  9 7 . 7  9 6 . 7  66 . 0  72 . 0 75 . 7  48 . 7  5 4 . 2  5 5 . 2  7 3 . 9  
1 79 . 9  9 9 . 9  9 9 . 9  6 3 . 0  6 3 . 0  71 . 4  38 . 7  4 2 . 0  5 1 . 8  
2 60 . 0  9 5 . 7  9 4 . 4  5 8 . 5  64 . 9  59 . 6  40 . 7  40 . 7  4 8 . 6  
3 55 . 0  7 7 . 6  9 9 . 9  55 . 7  5 2 . 6  6 3 . 6  41 . 3  40 . 7  4 2 . 0  
4 60 . 0  9 4 . 5  80 . 0  5 7 . 1  55 . 7  6 2 . 2  41 . 3  36 . 1  4 4 . 6  
6 3 . 7 9 1 . 9  9 3 . 5 5 8 . 5  59 . 0  64 . 2  40 . 5  39 . 8  46 . 7  6 1 . 9  
1 9 9 . 9  9 9 . 9  9 9 . 9  6 8 . 9  74 . 8  77 . 3  44 . 6  4 4 . 6  59 . 7  
Dunn 2 9 9 . 9  99 . 9  9 9 . 9  75 . 3  86 . 0  86 . 0  49 . 9  6 1 . 7  56 . 4  
3 9 9 . 9  9 9 . 9  9 9 . 9  76 . 3  74 . 2  7 7 . 8  46 . 6  48 . 6  59 . 7  




9 9 . 8  9 9 . 5  9 9 . 9  70 . 1  76 . 6  83 . 0  47 . 2  51 . 2  5 8 . 5  7 6 . 2  
1 9 9 . 9  9 9 . 9  9 9 . 6  6 3 . 0  6 8 . 3  75 . 4  4 7 . 9  50 . 5  5 9 . 7  
2 99 . 9  9 9 . 9  9 9 . 6  6 8 . 9  74 . 8  78 . 7  55 . 1  50 . 5  5 3 . 8 
3 . 9 8 . 4 9 9 . 9  9 9 . 9  6 3 . 6  6 6 . 9  86 . 6  5 4 . 5  6 2 . 3  5 7 . 1  
4 9 7 . 2  9 4 . 5  9 9 . 9  66 . 3  76 . 2  74 . 2  46 . 6  5 3 . 1  56 . 4  
9 8 . 8  9 8 . 5  9 9 . 7  65 . 4  71 . 5  7 8 . 7  5 1 . 0  5 4 . 1  56 . 7  7 4 . 9  
Over all means : 9 1 . l  9 6 . 3  9 6 . 9  6 3 . 5  6 8 . 2  7 2 . 4  45 . 4  4 8 . 2  51 . 5  
Spacing means : 9 4 . 7  
*Plan t p opula tion me ans : 
6 8 . 2 
A ( 80 , 000) = 66 . 7  
B ( 1 20 , 000) = 71 . l  
c (160 , 000 ) = 73 . 6  
4 8 . 5 
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Tab le 6 .  Late-s u mmer Canopy Coverage of S oyb eans (Percent) (July , 29 ) 
Row SEac ing ( inches ) 
Varie ties B locks 10 20 30 Means of  
A* B* O'c A B c A B c Var ie t ies 
1 100 100 100 100 90 90  57  60 7 5  
Anoka 2 90  100 9 5  -80 85 9 5  50 so 50 
3 9 5  100 100 g·a 90 90  5 5  5 5  6 0  
4 100 9 5  9 7  70 88 86 5 8  40 6 0  
Means 9 6 . 3  9 8 . 8 9 8 . 0  87 . 0  90 . 8  90 . 3  55 . 0  5 1 . 3  6 1 . 3  80 . 6  
1 100 100 100 90 .9 2  9 6  54  60 6 5  
Chipp ewa -2 100 100 100 80 88 100 60 6 8  70 
3 9 7  100 100 80 90 100 75 83 80 
4 9 8  100 100 100 100 100 60 85 88 
Means 9 8.8 100 100 87 . 5  9 2 . 5  99 . 0  6 2 . 3  7 4 . 0  75 . 8  8 7 . 7  
1 100 100 100 9 2  80 88 45 50 50 
Cor �oy 2 70 80 100 7 8  7 6  86 50 50 6 2  
3 60 80 100 86 80 9 5  45  50  5 5  
4 73  80 90  80 80 90 50 70 70 
Means 75 . 8  85 . 0  9 7  . 5  84 . 0  79 . 0  89 . 8  4 7 . 6  5 5 . 0  5 9 . 3  75 . 0  
1 100 100 100 9 2  9 5  9 7  60  7 1  80 
Dunn 2 100 100 100 9 3  9 8  95  70 80 7 7  
3 100 100 10 0 9 5  100 100 75 80 83 
4 100 100 100 9 7  100 100 76 7 5  85 
Means 100 100 100 9 4 . 3  9 8 . 3  9 8 . 0  70 . 3  76 . 5  81 . 3 90 . 4  
1 100 100 10 0 9 5  9 8  100 60 70 82  
Wir th 2 100 100 100 90 93 95 60 6 2  7 2  
3 '  100 100 100 9 7  100 100 7 2  80 85 
4 100 100 100 90 100 100 60 75  85 
Means 100 100 100 9 3  . 0  72 . 8  9 8 . 8 6 3 . 0  7 1 . 8  81 . 0  89 . 4 
Over all means : 9 4 . 1  9 6 . 7  9 9 . 1  89 . 1  86 . 6  9 5 . 1  59 . 6  6 5 . 7  7 1 . 7 
Sp ac ing me ans : 9 6 . 6  9 1 . 8  6 5 . 8  
*P lant p op ulat ion means : A ( 80 , 000 ) = 80 . 9  
B ( 120 , 000) = 84 . 5  
c ( 160 , 000) = 88 . 8  
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Analys is ( Tab le 8) o f  t hes e data s howed s ign if i.cant ( P  < O . 0 1) 
dif ferences b e tween row spac ings and plant populations . F tes ts 
indicated s i gn ifi cant (P < 0 . 0 1) interactions b e tween varieties and 
spacings , vari eties and populations and var ieties , spacings and 
popula tions . D ifferences b etween varieties were als o s i gnifi cant at 
the one percent level o f  probabili t y . 
Ground coverage area at maturi ty was es timated and results are 
presented in Tab le 7 .  S oyb eans grown �n narrow rows and high 
population s p roduced maximum coverage b etween the rows on t he ground 
surface . As row spacing decreased , ground coverage b e came b e.t t er and 
using high levels of p lan t p opulation pr oduced b es t  coverage area in. 
the field . Var ieties us ed in t his experiment res ul ted in var iab le 
coverage of soil surface w it h  Dunn and Wirth c ons is tently p roducing 
t he b es t  coverage par ti cularly in 10 inc h  r ows .  Comp aris ons of plant 
popula tions , row spacings and var iet ies (Ta ble 8) s howed hi g hly 
signif icant ground cover dif ferences (P < 0 . 0 1) . Ort hogonal comp aris ons 
indicat e n o  differe n€e b e tween t he two b es t  varie t ies (Wir th and Dunn) 
but cons iderab le difference b e tween o t her varie ties . T he interac t ion 
between spac ings and vari etie s indi cates hig hly s igni fi can t  (P < 0 . 0 1) 
difference in ground coverage . 
Maturi ty 
Maturi t y and leaf retenti on measurements are presented in T ab les 
9 and 10 . Var iet ies of s o yb eans were d ifferent in matur it y  and leaf 
retent ion but  were not greatly inf luenced by populat fon . High ly s i gn ifi ­
cant increas es in leaf re tent ion and delays in maturi ty were found by 
planting in 10 inch rows b ut t he effect of population on thes e  
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Tab le 7 .  Ground Coverage Area of S oybeans at Mat uri ty (Percent ) 
Row SEac ing ( inches ) 
Varieties Bl ocks 10 20 30 Means of  
A* B*  C* A B c A B c Var iet ies 
1 6 5  70 6 5  4 5  50 45 3 0  2 5  40 
Anoka 2 6 0  80 80 40 40 55 25 25 30 
3 6 5  60 65 45 45 65 25 25  3 0  
4 45  60  5 0  35 55 60 25 25 45 
Means 5 8 . 8  6 7 . 5  65 . 0  4 1 . 3 4 7 . 5 56 . 3  26 . 3  2 5· . o  36 . 2  4 7 . 0  
1 5 5  70 7 0  45 55  60 30 30 30 
Chippewa 2 70 80 8 0  65  65  70 30 2 5  so 
l 60 6 5  7 5  5 0  6 5  65  25  2 5  30 
4 6 5  6 5  70 65  65 65  2 5  4 0  . 35  
Means 6 2 . 5  7 0 . 0 73 . 7  56 . 2  62 . 5  65 . 0 2 7 . 5  30 . 0  36 . 2  5 3 . 7  
1 6 5  6 5  6 5  6 5  6 0  6 5  50 5 5  6 5  
Cors ey 2 50 60 75 40 75 75 45 50 65 
3 50 50 85 50 55 65  3 0  45 5 5  
4 40 6 5  70 40 55 55 50 50 50 
Means 5 1 . 2  60 . 0 7 3 . 7  4 8 . 7  6 1 . 2  65 . 0 43 . 7  5 0 . 0 5 8 . 7  5 6  . ·9 
1 60 65 70 45 60 60 2 5  5 5  4 5  
Dunn 2 6 5  9 5  9 0  6 5  70 70 30 40 40 
3 5 5  70 70 55 60 65 40 5 5  3 5  
4 60 80 60 60 60 70 4 0  50 35 
Means 60 . 0  7 7  . 5  7 2 . 5  56 . 2  6 2 . 5  66 . 2  33 . 7  50 . 0  3 8 . 7  5 7. 5  
1 · 10 70 80 6 0  65  75 35 2 5  30 
Wirth 2 55  85 90 70 65 65 25  3 5  40 
3 70 80 9 5  50 65 6 5  40 50 5 5  
4 65  65  65 40 6 0  60 25 5 5  3 0  
Means 65 . 0  75 . 0  82 . 5  55 . 0  6 3 . 7 6 6 . 2  31 . 2  4 1 . 2  3 8 . 7  5 7 .6 
Over all means : 59 . 5  70 . 0  7 3 . 4  5 1 . 4 59 . 4 6 3 .  7 3 2 . 4  39 . 2  4 1 . 7 
Spacing means : 6 7  . 6  5 8 . 2 3 7 . 8  
*Plant p opulat ion means : A ( 80 , 0 00 ) = 4 7 . 8  
B ( 12 0 , 0 0 0 ) = 56 . 2  
c ( 160 , 000 ) = 59 . 6  
Tab le 8 .  Analysis  o f  Variance for Plant Canopy and Ground C over 
S ource D . F .  Early canopy 
cover ( 7- 1 8) 
Replications (R) 3 0 .  79 
Varieties (V) 4 
C vs A ,  Ch , W, D+ 1 
A vs Ch ,  W, D 1 
Ch vs W, D 1 
W vs D 1 
R x V 
Spacings (S ) 
1 vs 2 ,  3-f+ 
2 vs 3 
R x S 
v x s 
R x  V x S 
Populations (P ) 
A vs B ,  C-H+ 
B VS C 
R x  P 
v x p 
s x p 
R x V x P  
R x S x P 
v x s x p 
Error 
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6 7 . 14** 
144 . 69** 
119 . 4 4** 
3 . 31 
1 . 11 
3 . 15 
14 7 2 . 60** 
2417 . 46** 
5 2 7 . 74** 
2 . 45* 
4 . 5 2** 
- 0 .  74  
33 . 6 7** 
5 8 . 1 7** 
9 . 18** 
0 . 6 6 
3 . 15** 
1 . 20 
0 . 82 
0 . 4 8 
4 . 69** 
F 
Late summer G round 
canopy cover coverage 
6 . 6 7** 4 . 82** 
79 . 63** 
209 . 20** 
100 . 59 ** 
7 . 0 7* 
1 . 90 
4 . 53** 
806 . 9 2** 
6 2 3 . 2 2*� 
990 . 6 2** 
5 . 0 7** 
7 . 6 6** 
2 . 69 ** 
45 . 34** 
6 3 . 80** 
26 . 88** 
0 . 55 
3 . 09** 
4 . 31** 
0 . 87 
1 . 86 
2 . 5 2** 
14 . 3 7** 
4 .  9 8** 
45 . 55** 
6 . 9 4* 
0 . 006 
2 . 34 *  
. 2 7 7 . 38** 
30 6 . 10 ** 
24 8 . 6 4** 
2 . 65 *  
8 . 55** 
1 . 51 
4 4 . 2 3** 
81 . 50** 
6 . 9 5*  
1 . 9 2  
1 . 9 3 
0 . 6 7  
0 . 83 
1 . 0 1  
0 . 9 0  
+ c = Cors ey ; A = Anoka ;  Ch = Chippewa ; W = Wirth ; D = Dunn 
++ 1 = 10 inch ; 2 = 20 inch ; 3 = 30 inch 
-
-H+ A = 80 , 000 plants per acre ; B = 120 , 000 plants per acre ; 
C = 160 , 000 p lants per acre 
* S ignifi cant at 0 . 0 5  level 
** Signifi cant at 0 . 0 1  leve l 
24  
25 
Tab le 9 .  Maturi ty (Days from S ep tember 20 Until Maturi ty) 
Row SEacing (inches ) 
Varietie s  B lo cks 10 20 30 Means of  
A* B* C* A B c A B c Varieties 
1 1 3  1 2  1 2  1 2  1 2  1 1  1 2  1 1  1 1  
Anoka 2 1 2  1 1  13  12  13  1 2  13  12  1 2  
3 1 2  1 1  1 2  1 2  1 1  1 3  1 2  1 2  1 2  
4 13  1 3  1 2  1 3  1 2  1 3  1 3  . 1 3  1 3  
Means 12 . 5  11 . 7 12 . 2  12 . 2  12 . 0  12 . 2  12 . 5  1 2 . 0  1 2 . 0  1 2 . 1  
1 3 4 4 4 5 4 5 3 5 
. Chippewa .2 6 9 6 6 5 5 8 5 6 
3 6 6 7 5 6 7 7 5 5 
4 7 7 7 8 6 7 6 6 5 
Means 5 . 5  6 . 5  6 . 0 5 . 7  5 . 5 5 . 7  6 . 5  4 . 7  5 . 2  5 . 7  
1 15 14 1 4  14 14 14 14 14 1 3  
Cors oy 2 14 14 13 13 13 13 13 13 13 
3 14 14 13 13 15 14 14 14 13 
4 15 14 15 14 15 14 15 15 15 
Means 14 . 5  14 . 0  13 . 7  1 3 . 5 14 . 2  13 . 7  14 . 0  14 . 0  1 3 . 5  13 . 9  
1 10 9 9 8 9 9 7 9 8 
Dunn 2 9 9 9 9 8 8 8 9 7 
3 8 9 I 9 8 8 8 7 9 7 
4 1 2  1 2  1 1  1 1  1 1  1 1  10 10 10 
Means 9 . 7  9 . 7 9 . 5 .9 . o  9 . 0 9 . 0 8 . 0  9 . 2  8 . 0  9 . 0 
1 8 6 5 4 6 7 4 5 4 
Wirth 2 6 7 7 6 6 6 5 6 5 
3 7 8 8 7 7 6 7 8 6 
4 9 8 9 8 8 8 8 9 7 
Means 7 . 5  7 . 2  7 . 2  6 . 2  6 . 7 6 . 7  6 . 0 7 . 0 5 . 5  6 . 6 
Over all means : 9 . 9 9 . 8 9 . 7  9 . 3  9 . 5  9 . 5 9 . 4  9 . 4  8 . 8 
Spacing means : 9 . 8  9 . 4  9 . 2  
*Plant p opulation means : A ( 80 ,000 ) = 9 . 5 
B ( 1 20 , 000)  = 9 .  5 
c ( 160 , 000) = 9 . 3 
Tab le 10 . Leaf Re tention (P ercent) 
Row SEacing (inches ) 
Varieties Blo cks 10 20 
A* B* C*  A B c 
1 85 85 75  85 85 85 
Anoka 2 50 60 75 60 75 60 
3 60  60  50  75  40 70 
4 50 70 70 80 75 80 
Means 61 . 3  6 8 . 8  6 7 . 5  75 . 0  68 . 8  73 . 8  
1 15 5 1  20 10 15  15 
Chipp ewa 2- 35 40 30 25 20 25 
3 20 20 25 20 20 20 
4 35 35 55 35 30 50 
Means 26 . 3  2 7 . 5 32 . 5  22 . 5  2 1 . 3  2 7 . 5  
1 9 0  9 0  9 0  90 70 85 
Cors ey 2 9 5  100 9 5  9 5  90 90 
3 9 5  90 85 80 95  90 
4 9 0  9 5  9 8  9 5  90 9 4  
Means 9 2 . 5  9 3 . 8 9 2 . 0  90 . 0  86 . 3 89 . 8 
1 30 25  20 15 20 20 
Dunn 2 30 25  20 25 20 25 
3 20 20 30 20 20 20 
4 so 50 55 50 45 40 
Means 32 . 5  30 . 0  31 . 3  2 7 . 5  26 . 3  26 . 3  
1 30 30 35 25  15 30 
Wir th 2 2 5  20 25  20 20 20 
3 2 5  2 5  2 5  20 15 15 
4 45  45  45  35  45 45 
Means 31 . 3  30 . 0 32 . 5  25 . 0  23 . 8  2 7 . 5  
Over all means : 4 8 . 7 50 . 0  5 1 . l  48 . 0  45 . 3  48 . 9  
Spacing means : 49 . 8 47 . 4  
*P lant p opulation means :  A ( 80 , 000 ) = 46 . 7  
B ( 120 , 000 ) = 46 . 5  
c ( 160 , 000 )  = 47 . 7  
26 
30 Means of 
A B c Varieties 
60 70 80 
60 6 5  60  
55 5 5  6 0  
55 60 5 5  
5 7 . 5  6 2 . 5  6 3 . 8  6 6 . 5  
20 15  15  
2 5  20 30 
35 20 . 1 5  
35 2 5  2 5  
2 8 . 8 20 . 0  2 1 . 3  25 . 2  
80 70 90  
90 9 5  9 5  
90 9 5  80 
9 8  9 8  8 8  
89 . 5 89 . 5 88 . 3  90 . 1  
15 25 15 
2 5  30 15 
20 30 20 
35 40 40 
2 3 . 8  31 . 3  2 2 . 5  2 7 . 9  
20 10 10 
20 20 15 
20 2 5  2 5  
1 5  2 0  30 
18 . 8  1 8 . 8  20 . 0  25 . 1  
43 . 6  4 4 . 2  4 3 . 1  
43 . 7  
Tab le 11 . Analys is o f  Vari ance for Leaf Retention and Maturi ty 
S ource 
Replicati ons (R) 
Varieties (V) 
C vs A, Ch , W, D+ 
A vs Ch , W ,  D 
Ch vs W ,  D 
W vs D 
. R x  V 
Spacings (S ) 
1 vs 2 ,  3-f+ 
2 vs 3 
R x S 
v x s 
R x  V x S 
Populations (P ) 
A vs B ,  C+H­
B vs C 
R x  P 
v x p 
s x p 
R x  V x P 
R x  S x P 
v x s x p 
Error 
. D. F .  
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33 . 6 3** 
F 
730 . 5 6** 
19 11 . 4 3** 
1006 . 72** 
o. 85 
3 � 1 7 
10 . 0 1** 
13 . 04** 
16 . 86** 
9 . 2 2** 
3 . 53** 
2 . 80*  
0 . 7 8 
0 . 5 8 
0 . 9 1  
0 . 6 5 
1 . 0 4 
0 . 9 9  
a . so 
0 . 69 
Haturi ty 
49 . 14** 
784 . 4 3* *  
1546 . 2 1** 
1 200 . 5 3** 
19 3 .  26** 
1 7 2 . 6 5* *  
7 . 2 2* *  
10 . 9 4**  
� . 1 8 .  7 2 ** 
3 . 0 3  
0 . 5 3 
1 . 6 7  
1 . 0 1 
1 . 55 
0 . 35 
1 . 13 
1 . 32 
0 . 54 . 
1 . 13 
1 . 5 2 
+ c = Cors ey ; A = Anoka ; Ch = Chippewa ; W = Wirth � D = Dunn 
-++ 1 = 10 inch ; 2 = 20 inch ; 3 = 30 inch 
+H- A = 80 , 000 plants  per acre ; B = 120 , 000 plants per  a cre ; 
C = 160 , 000 plants per acre 
* Significant at 0 . 05 level 
** S ignif i cant at 0 . 0 1  level 
2 7  
2 8  
characteris ti cs was no t s igni ficant (Tab le 11) . Or thogonal comp aris ons 
of varieties indicate (Tab le 11) that maturi ty differences we re all 
highly s igni fi cant and that s ome differences were no ted in leaf 
re tention . 
P lant Characteris tics 
Branching and Podding 
Frequency of b ranching was determined and re corded as shown in 
Tab le 12 to evaluate th e lodging po tential of each treatment . S oyb ean 
plants grown in narrow rows or high plant populations produced fewer 
branches than thos e in wide rows . (See Figures 3 ,  4 and 5 ,  App endix) 
Differences were s tatis t i cally evaluated and F values p res ented in 
Tab le 16 indi cate highly s i gnifi cant effects of row spacing , p lant 
pop ulat ion and variety s electinn . Highly s ignif icant interaction 
between variety and spacing indi cates that s elected varie ties react 
dif ferently to branching respons e from row spacing . 
As is shown in Tab le 13 , numb er of  pods per p lant increas e d  as row 
spacing increas ed and number of  pods decreas ed as plant p op ulation 
increas ed . More p ods per p lant were p roduced wi th wide rows and low 
p lant p opulati ons . According to the data in Tab le 16 , varieties were 
als o di fferent wi th mos t  pods p roduced by Corsey and fewes t by Dunn . 
Pod numb er was prob ab ly influenced by total plant pop ulation . P od 
numb er was affected by the interacti on b etween variety and p opulati on 
but no t by variety x sp acing interaction . 
Tab le 1 2 . Average Numb er of Branches Per Plant 
Row sEacin� (inches ) 
Variet ies B lo cks 10 20 
A* B* C* A B c 
1 2 . 9 5 1 .  00 0 .  9 1  2 . 30 2 . 73 2 . 80 
Anoka 2 2 . 55 2 . 55 2 . 34 3 .  50 1 .  5 7 2 .  31 
3 2 . 65  2 .  40 1 .  83 3 . 06 3 . 40 2 . 6 4 
4 2 . 83 1 .  56  1 .  87  2 . 6 8  2 . 17 2 . 6 8 
Means 2 . 74 1 . 87 1 .  7 3  2 . 88 2 . 46 2 . 60 
1 2 . 05 1 .  56 0 .  6 1  2 . 89 2 . 0 6 1 . 21 
Chippewa 2 1 . 11 1 . 0 5  0 .  40 2 .  72  f. 4 4  1 .  39 
j 3 . 09 1 . 0 6 0 . 50 2 . 84 2 . 15 1 . 10 
4 1 . 52 1 . 05 0 . 6 3 2 . 84 2 . 4 2  0 . 50 
Means 1 . 9 4  1 . 1 8 0 . 5 3  2 . 82 2 . 01 1 . 05 
1 3 .  60 2 .  79 2 . 30 3 .  9 4 2 .  00 2 .  0 7 
Cors ey 2 2 . 2 3 3 . 1 7 2 . 75 2 . 4 8 2 . 6 8  2 . 45 
3 4 . 4 2 4 . 30 4 . 0 4 3 . 7 7 2 . 50 2 . 23 
4 4 . 50 4 . 7 1  4 . 00 5 . 20 3 . 75 2 . 86 
Means 3 .  6 8  3 . 74 3 . 2 7 3 . 84 2 . 7 3 2 . 40 
1 1 . 12 0 .  7 8  0 .  36 1 . 46 1 . 6 4 0 . 9 4  
Dunn 2 1 . 00 0 . 45 0 . 4 3 1 .  60 1 .  30 1 .  5 8 
3 1 .  6 8 0 .  89 1 .  2 2  1 . 5 7 1 . 18 1 . 0 7  
4 1 . 5 2 1 .  2 3  0 . . 79 1 . 9 2  1 . 18 1 . 0 7  
Means 1 .  33 0 .  83 0 .  70 1 .  6 3 1 .  32 1 .  16 
1 1 . 64 1 . 00 0 . 1 2  2 .  8 7 1 .  6 2 0 .  81 
Wir th 2 0 . 41 0 . 7 1 0 . 25 1 .  85 1 .  50 1 .  6 2 
3 - 0 . 7 7 0 . 9 5  0 . 1 7 1 . 6 8  1 . 38 1 . 09 
4 1 . 9 0  0 . 7 2 0 . 09 1 . 88 1 . 50 1 . 1 8 
Means 1 . 1 8 0 .  84 0 . 16 2 . 0 7  1 . 50 1 . 1 7  
Over all means : 2 . 1 7 1 . 69 1 . 2 7 2 . 6 4  2 . 00 1 . 6 7  
· �acing means : 1 .  7 1  2 . 11 
*Plant p opulat ion means : A ( 80 , 000 ) = 2 . 6 5 
(120 , 000 ) 2 . 0 1 B = 
c ( 160 , 000 ) = 1 . 55 
29 
30 Me ans of  
A B c Varieti es 
3 . 6 2  2 . 0 5  2 . 80 
3 . 5 7 2 . 7 8 1 . 9 3  
3 . 90 2 . 66 1 . 2 7 
3 . 31 2 . 00 1 . 59 
3 . 60 2 . 37 1 . 89 2 . 46 
3 . 00 2 . 50 2 . 20 
2 . 8 7 2 . 40 2 . 0 5  
2 .  8 6  1 .  2 1  2 . 9 1  
3 . 0 6 1 . 10 l. 0 4  
2 . 9 4 1 . 80 2 . 0 5  1 .  81 
3 . 1 2 2 . 60 1 . 4 8 
3 . 33 2 . 50 1 . 2 8 
4 .  60 3 . 56  2 . 0 7  
5 . 10 4 . 5 2 2 . 6 1 
4 . 0 3  3 . 29 1 .  86 3 . 20 
1 .  76 1 . 9 0  0 . 4 8  
2 . 26 1 .  70 2 . 21 
1 . 9 2  1 . 37 1 . 2 3 
3 . 11 2 . 00 1 . 33 
2 . 26 1 .  74  1 . 31 1 . 36 
2 . 70 2 . 80 0 . 5 2  
3 . 00 2 .  80 2 .  80 
3 . 50 3 . 1 1  1 . 0 8  
2 . 0 7  1 . 50 1 . 50 
2 . 81 2 . 55 1 . 4 7 1 . 5 3 
3 . 1 2 2 . 35 1 .  7 1  
2 . 40 
Tab le 13 . Aver age Numb er of Pods Per Plant 
Row SEacing (inches ) 
Varie t ies Blocks 10 20 30 
A* B* C* A B c A B c 
1 4 8 . 7 25 . 1  30 . 2  50 . 4  50 . 5  47 . 4  80 . 3 38 . 6 4 7 . 8  
Anoka 2 46 . 2  45 . 2  39 . 4  5 6 . 7  54 . 5  40 . 3  73 . 0  6 5 . 4  40 . 9  
3 6 3 . 4  41 . 8 3 1 . 8 5 2 . 0  43 . 3  56 . 2  44 .o 46 . 1  31 . 6  
4 40 • 6 30 • 7 2 7 • 0 4 7 . 9  41 . 9  4 7 . 1  79 . 1  5 6 . 3  33 . 2  
Means 49 . 7  35 . 7  32 . 1  5 1 . 7 4 7 . 6  . 4 7 . 8 69 . 1  5 1 . 6  38 . 4  
1 40 . 7  35 . 2  2 1 . 9  37 . 2  37 . 2  25 . 7  6 4 . 8  36 . 6  3 8 . 8  
Chippewa 2 31 . 6 30 . 7 19 . 9  39 . 6  32 . 1  30 . 3  5 2 . 3  36 . 2  4 1 . 4  
3 4 7 . 3  33 . 0  2 7 . 3  32 . 5  37 . 9  2 2 . 9  46 . 9  31 . 0  . 41 . 8 
4 2 8 . 4  24 . 6  2 4 . 7  39 . 6  46 . 8  22 . 3  5 8 . 5  2 3 . 7  33 . 9  
Means 37 . 0  30 . 8  2 3 . 5  37 . 2  37 . 2  25 . 3  5 5 . 6  3 1 . 9  39 . 0  
1 88 . 6  5 4 . 0  5 8 . 3  88 • 3 5 1 . 7 5 7 • 5 6 8 . 4 56 . 4  4 1 . 8  
Corsoy 2 4 7 . 2  85 . 1  5 3 . 1  6 3 . 0  49 . 1  5 1 . 8  105 . 7  9 4 . 3  39 . 1  
3 9 9 . 6  86 . 4  50 . 3  6 8 . 5 7 2 . 0  53 . 2  110 . 5  81 . 1  45 . 1  
4 7 8 . 0  74 . 2  6 2 . 6  9 2 . 0  86 . 8  5 3 . 9  1 1 2 . 5 ]() 2 . 8  5 1 . 6  
Means 7 8 . 3  74 . 9  5 6 . 1  7 7 . 9  6 4 . 9  54 . 1  9 9 . 3  83 . 6  4 4 . 4  
1 2 8 . 4  24 . 7  15 . 9  3 3 . 3 29 . 2  2 7 . 3 38 . 5  37 . 2  20 . 6  
Dunn 2 26 . 7  16 . 8  19 . 9  31 . 6 29 . 7 2 7 • 3 33 . 0  35 . 7  2 7 . 8  
3 24 . 4  2 1 . l  20 . 0  33 . 9  21 . 9  26 . 6  39 . 4  37 . 9  29 . 4  
4 29 . 6 29 . 4 20 . 2 3 2 . 2 21 . 9 20 • 4 46 . 1 3 7 • 9 30 • 8 
Means 2 7 . 3  2 3 . 0 19 . o  32 . 7  25 . 7  25 . 4  39 . 2  37 . 2  2 7 . 1  
1 32 . 3 31 . 8 16 .o 33 . 1  36 . 5  2 2 . 2  5 3 . 9  5 3 . 6  2 5 . 9  
Wirth 2 25 . 5  2 2 . 9  19 . 3  36 . 6  2 7 . 7  25 . 7  54 . 3  48 . 4  31 . 0  
3 24 . 3  23 . 4  18 . 7  38 . 6  32 . 8  26 . 0  68 . 6  5 2 . 1  34 . 3 
4 36 . 8  29 . 1  1 7 . 3  39 . 2  34 . 8  33 . 5  46 . 5  39 . 7  29 . 9  
Means 29 . 7  26 . 8  1 7 . 8  36 . 9  32 . 9  26 . 8  55 . 8  4 8 . 4  30 . 3 
Over all means : 44 . 4  38 . 2  29 . 7  4 7 .  2 41 . 6 35 . 8  6 3 . 8 50 . 5  35 . 8  
Spacing means : 37 . 4  41 . 7 50 . 0  
*P lant population means : A ( 80 , 000 ) = 51 . 8  
( 120 , 000 ) 43 . 7 B = 
c ( 160 , 000)  = 33 . 8  
30 
Means o f  
Varieties 
4 7 . 0  
35 . 4  
70 . 4  
2 8 . 5  
33 . 9  
Pods on the main s tem showed (Tab le 14)  a pattern s imi lar to pod 
numb e r . Wide r row spacings and lower p lant populations had more main 
s tem pods and Cors oy had far more than o ther varieties (Tab le 16 ) . 
3 1  
There was no interacti on b etween any o f  the treatments . Po d percentages 
on s ide b ranches were evaluated wi th res ults recorded in Tab le 15 . Wi de 
row sp acings and low plant populations produced a higher frequency o f  
branch pods and b o th p roduced highly signi fi cant increas es (T ab le 16 ) . 
Varie ties responded different ly to row_ spacing as indi cate d by the high 
variety x spacing interacti on . Co rsey had the highes t p e r.cen tage of 
pods on b ranches but also had mos t branches s o  individ.ual b ranches were 
smaller . 
B as al Pods and S terile Nodes 
Dis tance between ground s urface and the firs t node wi th pods was 
measured and the res ults are presented in Tab le 1 7 . This  dis tance was 
true s tem e longat ion b e cause no soil hilling was done during cultivation . 
Narrow row spacings and low plant populations had the highes t b as al pod . 
hei gh t . As row sp acing and p lant populat ion increas ed ,  all varie ties 
showed the s ame respons e of de creasing bas al pod heigh t . Among the 
varieties , Cors ey had the lowes t p od heigh t  while all o ther variet ies 
were very s imi lar . F tes ts and orthogonal comparisons of tre atments 
from the analys is of variance (Tab le 19 ) showed pod heigh t  increase in 
narrow row spacings . 
The numb er of s terile nodes (not having pods ) at the b as e  of each 
p lant increased for nar� ow row spacings and for high p lant pop ulati ons 
(Tab le 19 ) . varietal differences were evident by orthogonal
 comparis ons . 
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Tab le 14 . Average Number of  P ods on Main S tem (Per P lant )  

























A* B* . C* 
20 . 7  14 . 3  20 . 4  
20 . 7  2 3 . 9  19 . 3  
2 5 . 3  20 . 6  1 8 . 2  
19 . 3  20 . 4  20 . 2  
2 1 . 5  19 . 8 19 . 5 
20 . 5  20 . 8  17 . 6  
21 . 3  2 1 . 1  16 . 7  
2 2 . 6  20 . 5  21 . 2  
2 2 . 6  1 8 . 9  20 . 2  
2 1 . 8  20 . 3  18 . 9  
30 . 3  2 3 . 8  26 . 7  
2 1 . 8  24 . 8  26 . 4  
31 . 4 32 . 5 2 2 . 1  
33 . 7  29 . 9  26 . 2  
29 . 3 2 7 . 7  25 . 3  
20 . 0  19 . 8  14 . 4  
19 . 5  14 . 1  1 7 . 3  
18 . 7 16 . 5  16 . 0  
20 . 6  20 . 8 16 . 3  
25 . 2  17 . 8  16 . 0  
24 . 9  21 . 9  15 . 2  
21 . 3  19 . 1  1 7 . 7  
SEacing (inches ) 
20 
A B c 
23 . 4  22 . 2  20 . 5  
24 . 9  20 . 5  20 . 1  
2 2 . 7  18 . 5  25 . 3  
23 . 6  2 2 . 0  23 . 9  
2 3 . 7  20 . 8  2 2 . 5  
2 2 . 6  1 7 . 2  18 . 1  
20 . 6  20 . 8  1 7 . 2  
18 . 3  20 . 8  17 . 2  
2 2 . 8  20 . 9  1 7 . 7  
21 . l  19 . 9  1 7  . 6  
33 . 7  20 . 1  26 . 4  
27 . 8  24 . 2  21 . 9  
24 . 3  2 8 . 9  2 3 . 5  
31 . 2 34 . 0 26 • 7 
29 . 3  26 . 8  24 . 6  
20 . 5  18 . 4  18 . 7  
17 . 1  20 . 4  16 . 8  
19 . 8  14 . 7  18 . 7  
19 . 2  14 . 9  16 . 7  
19 . 2 17 . 1  1 7 . 7  
20 . 6  2 2 . 4  19 . 1  
2 1 . 9  19 . 2  18 . 4  
3 . 10 . 2 17 . 7  1 7 . 8  2 3 . 5  2 2  . 0  19 . 4 
4 26 . 0  20 . 6  1 7 . 0  2 3 . 6 20 . 8  24 . 1  
Means 23 . 1  19 . 8 16 . 9  22 . 4  21 . l  20 . 3 
Over all means : 24 . 1  21 . 0  19 . 3 2 3 . 1  21 . l  20 . 5  
Spacing means : 2 1 . 1  
*Plant p opulation means : A 
B 
c 
21 . 5  
( 80 , 000)  = 24 . 5  
( 120 , 000)  = 2 2 . 1  
( 160 , 000 )  = 20 . 5  
30 Means o f  
A B c Varie ties 
29 . 5  18 . 1  2 3 . 5  
2 8 . 4  26 . 7  2 2 . 0  
21 . 5 16 • 8 1 9  • 0 
31 . 8 26 . 6 2 1 . 2 
2 7 . 8  2 2 . 1  21 . 4  2 2 . 1  
2 7 . 6 20 . 8 2 1 . 4  
2 8 .  4 19 . 1  24 . 5  
2 1 . 8  19 . 9  2 2 . 1  
2 7 . 3  1 7 . 8  2 1 . 8  
26 . 2 19 . 4  2 2 . 5  20 . 8  
25 . 5  26 . 9  2 5 . 4  
38 . 7  30 . 3  25 . 1  
38 . 1  32 . 5  24 . 0  
36 . 5  39 . 1  26 . 1  
34 . 7  32 . 2  2 5 . 1  2 8 . 3  
2 2 . 8  2 2 . 0  16 . 7  
19 . 1  2 3 . 8  21 . 0  
2 3 . 1  21 . 8  20 . 1  
2 3 . 8  24 . 0  20 . 0  
2 2 . 2  2 2 . 9  19 . 5  19 . 1  
26 . 7 30 . 7 19 . 6  
2 7 . 0  2 1 . 8  15 . 9  
29 . 0  2 5 . 8  2 3 . 1  
24 . 6  2 2 . 5  20 . 9 · 
26 . 8  2 5 . 2  19 . 9  2 1 . 7 
2 7 . 5  24 . 3  2 1 . 6  
24 . 5  
Tab le 15 . The Percent age of  Pods on Branches (Per P l ant ) 
Row spacing (inches ) 
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A* B* C* A B C A B C Varieties 
1 5 7 . 5  4 3 . 0  32 . 5  5 3 . 6  54 . 7  56 . 8  6 3 . 3 5 3 . 1  50 . 8  
2 55 . 2  4 7 . 1  5 1 . 0  56 . 1  6 2 . 4  50 . 1  6 1 . 1  59 . 2  46 . 2  
3 60 . 1  50 . 7  4 2 . 8  56 . 3  5 7 . 3  55 . 0  5 ! . l  6 3 . 6  39 . 9  
4 5 2 . 5  33 . 6  2 5 . 2  50 . 7  4 7 . 5  49 . 3  59 . 8  5 2 . 8  36 . 1  
5 6 . 3  4 3 . 6  37 . 9  5 4 . 2  55 . 5  5 2 . 8  5 8 . 8  5 7 . 2  4 3 . 3  5 1 . 0  
1 49 . 6  40 . 9  19 . 6  6 4 . 6  � 3 . 8  29 . 6  5 7 . 4  4 3 . 2  4 4 . 8  
7 32 . 6  31 . 3  16 . 1  4 8 . 0  35 . 2  4 3 . 2 45 . 7  4 7 . 2  40 . 8  
3 5 2 . 2  3 7 . 9  2 2 . 3  4 3 . 7 45 . 1  24 . 9  53 . 5  35 . 8  4 7 . 1  
4 20 . 4  2 3 . 2  1 8 . 2  4 2 . 4  55 . 3  20 . 6  5 3 . 3 24 . 9  35 . 7  
38 . 7 33 . 3  19 . 1  49 . 7  4 7 . 4  29 . 6  52 . 5  37 . 8  4 2 . 1  38 . 8  
1 65 . 8  5 5 . 9  5 8 . 3  6 1 . 8 61 . 1  54 . 1  6 2 . 7  5 2 . 3  39 . 2  
2 5 3 . 8  70 . 8  50 . 3  55 . 9  50 . 7  5 7 . 7 6 3 . 4 6 7 . 9  35 . 8  
3 6 8 . 5 6 2 . 4  56 . 1  6 4 . 5  59 . 9  55 . 8  65 . 5  59 . 9  46 . 8  
4 56 . 9  59 . 7  5 8 . 1  66 . 1  60 . 8  50 . 5  6 7 . 6  6 2 . 0  49 . 4  
61 . 3  6 2 . 2  5 5 . 7  6 2 . 1  5 8 . 1  54 . 5  64 . 8  60 . 5  42 . 8  5 8 . 0  
1 29 . 6  19 . 8  9 . 4  38 . 4  37 . 0  31 . 5  40 . 8  40 . 9  18 . 9  
Dunn .2 2 7 . 0  16 . 1  13 . l  45 . 9  31 . 3  38 . 5  4 2 . 1  33 . 3  2 8 . 6  
3 2 3 . 4  21 . 8  20 . 2  41 . 6  32 . 9  29 . 7  41 . 4  4 2 . 5  31 . 6  




2 7 . 6  21 . 8  15 . 5  41 . 6  3 3 . 3 29 . 5  4 3 . 2 38 . 4  2 8 . 6  31 . 0  
1 29 . 7  31 . 1  0 . 5 37 . 8  38 . 6  14 . 0  50 . 5  4 2 . 7  2 4 . 3  
2 16 . 5  16 . 6  8 . 3 40 . 2  44 . 3  2 8 . 4  50 . 1  5 5 . 0  4 8 . 7  
3 16 . 9  24 . 4  4 . 8  39 . 1  32 . 9  25 . 4  5 7 . 7  50 . 5  32 . 7  
4 29 . 3  29 . 2  1 . 7 39 . 8  40 . 2  2 8 . 0  47 . 1  4 3 . 3 30 . 1  
23 . 1  25 . 3  3 . 8 39 . 2  39 . 0  24 . 0  51 . 4  4 7 . 9  34 . 0  31 . 9  
Over all means : 4 1 . 4  37 . 2  26 . 4  49 . 3  46 . 6  38 . 0  54 . 1  4 8 . 3  38 . l  
Sp acing means : 35 . 0  
*P lan t  p opulation means : 
44 . 6  
A ( 80 , 000) = 4 8 . 2  
B ( 120 , 000)  = 44 . 0  
c ( 160 , 000)  = 34 . 1  
46 . 8  
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Tab le 16 . Analys is of Vari ance for Branch and Pod Characteri s ti cs 
S ource 
Rep 1i cat ions (R) 
D. F .  B·ranch 
numb er 
3 3 . 90 *  
Varie ties (V) 4 9 9 . 0 4** 
2 73 . 9 2** 
10 3 . 06** 
15 . 26** 
2 . 48 
C vs A ,  Ch , W ,  D+ 1 
A VS Ch , W ,  D 1 
Ch vs W ,  D 1 
W vs D 1 
. R x  V 
Spacings (S ) 
1 vs 2 ,  3-f+ 
2 vs 3 
R x S 
v x s 
R x  V x S 
Pop ul ati ons (P ) 
A vs B ,  C+++ 
B vs C 
R x  P 
v x p 
s x p 
R x  V x P 
R x S x P 
v x s x p 
Error 
1 2  6 . 31** 




1 55 . 40 ** 
1 12 . 05** 
1 . 9 2 
9 . 4 7** 
1 . 2 3 







1 14 9 . 9 1** 
1 30 . 33** 
2 . 23 
1 . 90 
1 . 9 9 
1 . 1 7 
0 . 6 8 
2 . 0 6 *  
Pods per 
plant 
0 . 71 
F 
212 . 44** 
710 . 60** 
119 . 0 7** 
8 . 90 ** 
11 . 26 ** 
2 . 14* 
52 . 25** 
60 . 13** 
44 . 34** 
1 . 2 7 
2 . 74 
1 .  76 
10 3 . 5 2** 
146 . 45** 
60 . 5 8** 
1 . 9 7  
6 . 74** 
8 . 15** 
1 . 80 
1 . 18 
2 . 56* 
Pods on 
main s tem 
3 . 34* 
60 . 36** 
215 . 0 1** 
8.  '86 ** 
0 . 6 2  
16 . 75** 
1 . 5 4 
2 7 . 39 ** 
19 . 41** . 
35 . 1 8** 
0 . 50 
0 . 74 
1 . 2 8 
34 . 21** 
56 . 79** 
11 . 56** 
0 . 31 
1 . 6 5 
2 . 00 
1 . 38 
0 . 49 
1 . 10 
% p o ds Qn 
b ranches 
2 . 25 
143 . 9 9 ** 
316 . 72** 
2 2 1 . 9 9 ** 
3 7 . 0 1** 
0 . 4 3 
2 . 5 5* 
6 7 . 2 2 ** 
130 . 4 2** 
4 . 0 1  
0 . 9 6  
1 1 . 16 ** 
1 . 2 3 
8 8 . 35** 
9 4 . 25** 
82 . 43** 
1 . 6 5 
1 .  7 8  
0 . 9 2  
0 . 81 
0 .  80 
2 . 45 ** 
+ · c = Corsey ; A = Anoka ; Ch = Chipp ewa ; W = Wir th ;- _ D = Dunn 
;+ 1 = 10 inch ; 2 = 20 inch ; 3 = 30 inch 
+++ A = 80 , 000 p lants per acre ; B = 120 , 000 p lants per acre ;
 
C = 160 , 000 p lan ts per acre 
* Signifi cant at 0 . 0 5  level 
** S igni ficant at 0 . 0 1 level 
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Tab le 1 7 . Lowes t Pod Heigh t (Centime te rs ) 
Row spacing (inches ) 











A* B* C* A B C A B C Var i e t ies 
1 11 . 0  14 . 9  14 . 6  11 . 4  1 2 . 7  9 . 3  9 . 5 1 3 . 1  8 . 8 
2 15 . 4  1 1 . 8  1 2 . 1  18 . 8  11 . 6  11 . 0  7 . 8  10 . 2  11 . 4  
3 10 . 4  10 . 7  10 . 7  11 . 8  11 . 3  13 . 3  11 . 6  1 1 . 6  3 . 3  
4 11 . 2  14 . 2  10 . 6  11 . 8  11 . 6  11 . 6  8 . 7 7 . 0 13 . 0  
1 2 . 0  1 2 . 9  12 . 0  13 . 5  1 1 . 8  11 . 3  9 . 4 10 . 5  9 . 1  1 1 . 3  
1 16 . 6  14 . 2  13 . 2  1 2 . 5  �1 . 5  10 . 8  7 . 7 1 1 . 2  4 . 1  
2 14 . 2  11 . 9  13 . 4  11 . 5  10 . 8  12 . 2  11 . 4  11 . 2  1 2 . 9  
3 11 . 1  1 2 . 5  12 . 0  11 . 0  11 . 3  10 . 8  10 . 2  10 . 0  11 . 5  
4 1 2 . 1  15 . 8  10 . 3  13 . 1  11 . 5  10 . 1  8 . 4  7 . 0 3 . 4  
13 . 5  13 . 6  1 2 . 2  12  . o  1 1 . 3 11 . 0  � ; 4 9 . 9  8 . 0  
1 1 7 . 8 1 1 . 0  11 . 8  9 .  8 11 . 3 9 . 8  9 .  4 11 . 0  2 . 6  
2 11 . 8 1 2 . 3 11 . 4 11 . 1  10 . 8 10 . 3 6 . 1  6 . 6 9 . 8  
3 8 . 9  9 . 8  12 . 6  9 . 0 8 . 8  6 . 0 3 . 6  4 . 9  3 . 0 
4 9 . 5 9 . 3  3 . 3  8 . 4  9 . 6 9 . 9 6 . 3  8 . 7 10 . 4  
12 . 0  10 . 6  9 . 8 9 . 6 10 . 1  9 . 0 6 . 4 7 . 8  6 . 5  
1 10 . 4  16 . 8  13 . 7 16 . 0  11 . 3  12 . 7  8 . 5 7 . 4  6 .• 5 
2 19 . 6  11 . 9  11 . 9  10 . 5  14 . 2  13 . 1  11 . 1  10 . 9 1 1 . 0  
3 10 . 2  1 2 . 3  10 . 9  10 . 2 11 . 7 11 . 3 8 . 1  9 . 2  5 . 1 
4 16 . 0  10 . 7 10 . 8 13 . 5  14 . 2  10 . 1  9 . 2  10 . 2  10 . 5  
14 . 1  1 2 . 9  11 . 8  1 2 . 6  12 . 9  11 . 8  9 . 2  9 . 4 8 . 3  
1 10 . 9  10 . 7 13 . 6  13 . 6 10 . 7 11 . l 1 3 . 4 8 . 5  6 . 3  
2 10 . 9  14 . 6  12 . 4  13 . 8  11 . 6  12 . 7  10 . 8 10 . 7 8 . 4  
3 19 . 9  12 . 8  12 . 4  11 . 9 11 . 2 11 . l 11 . 9  9 . 8  9 . 4 
4 1 8 . 6  10 . 6 10 . 9 12 . 7  13 . 3  10 . 8  10 . o  11 . 2 11 . 2 
15 . 1  1 2 . 2  12 . 3  1 3 . 0  11 . 7  11 . 4  11 . 5  10 . 1  8 . 8 
11 . 2  
9 . 0 
11 . 4  
11 . 7 
Over all means : 13 . 3  12 . 4  11 . 6  12 . 1  11 . 5  10 . 9  9 . 1 9 . 5 8 . 1  
Spacing means : 1 2 . 4  
*P lant p op ulati on me ans : A 
B 
c 
11 . 5  
( 80 , 000 ) = 11 . 5  
(120 , 000 ) 11 . l 
( 160 , 000 ) = 10 . 2  
8 . 9  
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Tab le 1 8 . S t e ri le No des f rom Ground Leve l to Fi rs t P o d  
Row sEacing ( in ch es ) 
Varieties B lo cks 10 20 30 Means of 
A* B* C* A B c A B c Varie t i es 
1 4 . 2  5 . 2  5 . 0 4 . 4  3 . 5 4 . 3  3 . 6  3 . 8  3 . 6  
Anoka 2 6 . 1  4 . 7  4 . 3  3 . 9  4 . 0  4 . 2  3 . 4  4 . 0 3 . 9  
3 3 . 6  4 . 3  5 . 1 4 . 1  4 . 3  4 . 4  4 . 1  3 . 6  4 . 6  
4 4 . 8  5 . 1  4 . 5 4 . 2  4 . 3 4 . 4  3 . 9  3 . 3  4 . 2  
Means 4 . 6 7 4 . 82 4 .  7 2  4 . 15 4 . 0 2  4 . 32 3 . 75 3 . 6 7 4 . 0 7  4 . 24 
1 5 . 2  4 . 0 4 . 3  4 . 7 4-. 3 4 . 7 3 . 2  4 . 3  4 . 1  
-Ch ippewa 2 4 . 0 4 . 3  4 . 4 4 . 2  3 . 8  4 . 3  3 . 8  3 . 9  3 . 9  
3 4 . 0  4 . 3  4 . 6 4 . 4 4 . 5  4 . 7  3 . 4  4 . 4  .4 .  3 
4 4 . 4  5 . 1  5 . 1  4 . 8  4 . 0 4 . 7 3 . 2 4 . 3  4 .- 4  
Means 4 . 40 4 . 4 2 4 . 60 4 . 5 2 4 . 15 4 . 60 3 . 40 4 . 2 2 4 . 1 7  4 . 2 7 
1 3 . 2  4 . 1  4 . 6  4 . 4  4 . 2  3 . 5  3 . 6  4 . 4  4 . 6  
Cors oy 2 4 . 2  3 . 9 4 . 7 4 . 4  3 . 8  4 . 4  2 . 5  3 . 2  4 . 5  
3 3 . 5  3 . 8 4 . 9  3 . 2  3 . 7 4 . 6 3 . 6  2 . 4  4 . 6  
4 3 . 5  3 . 3  4 . 1  3 . 6  3 . 0  3 . 9  3 . 2  3 . 6  4 . 2 
Means 3 . 60 3 .  7 7  4 . 5 7  3 . 9 0 3 .  6 7 4 . 10 3 . 2 2 3 . 40 4 . 4 7 3 . 85 
1 3 . 5  3 . 9  4 . 3  3 . 5  3 . 9  4 . 1  3 . 1  2 . 6  3 . 8  
Dunn 2 3 . 8 4 . 0 4 . 1  3 . 3  3 . 9  4 . 0  3 . 3 3 . 3 4 . 0 
3 3 . 5  3 . 9  3 . 6 3 . 5  3 . 8 3 . 0  3 . 0  3 . 1  3 . 3 
4 3 . 4  3 . 7  3 . 9  3 . 3  3 . 9  4 . 1  3 . 3 3 . 3  3 . 5  
Means 3 . 5 5 3 . 87 3 . 9 7  3 . 40 3 . 87 3 . 80 3 . 1 7 3 . 0 7  3 . 6 5 3 . 59 
1 4 . 1  4 . 0 4 . 9 3 . 9  3 . 9  4 . 6  2 . 2  1 . 6  3 . 7 
Wir th 2 4 . 0 4 . 4  4 . 1  3 . 9  4 . 1 4 . 1  3 . 8 3 . 7 4 . 0 
3 , 4 . 0  4 . 4  5 . 0 4 . 3  3 . 9  4 . 0 3 . 8 3 . 8  3 . 7 
4 3 . 3 4 . 3  4 . 1  4 . 1  3 . 9  4 . 1  3 . 4 3 . 8 4 . 1  
Means 3 . 85 4 . 2 7 4 . 5 2 4 . 05 3.  95 4 . 20 3 . 30 3 . 2 2 3 . 87  3 .  9 1  
Over all me ans : 4 . 0 1  4 . 2 3 4 . 4 7 4 . 00 3 . 9 3 4 . 20 3 . 36 3 . 51 4 . 0 4 
Sp acing means : 4 . 24 4 . 0 4  3
. 6 4 
*P lant populat i on means : A ( 80 , 000 ) = 3 . 79 
B ( 120 , 000 )  = 3 .  89 
c (160 , 000 ) = 4 . 2 4 
3 7  
Tab le 19 . Analy s is o f  Var i ance for L owes t Pod and S te r i l e  Nodes 
. . .  . . . . . 
F 
S our ce D . F .  L owes t S te ri l e  
P od Node 
Rep li cations ( R) 3 3 . 20*  0 . 12 
Varie t ies (V) 4 6 .  9 8** 1 8 . 36** 
C vs A ,  Ch , w ,  Dt 1 26 . 81** 4 . 20**  
A v s  Ch, W ,  D 1 0 . 35 1 7 . 0 2** 
Ch v s  W ,  D 1 0 . 6 4 40 . 81** 
W vs D 1 0 . 36 11 . 59** 
· R x  V 1 2  1 . 0 4  1 .  7 2  
Spacings ( S )  2 32 . 82** 3 4 . 90 tc* 
1 vs 2 ,  3+t 1 32 . 7 7** 29 . 9 3** 
2 vs 3 1 32 . 89** 29 . 87** 
R x  s 6 0 . 66 1 . 00 
v x s 8 0 . 36 1 . 6 1 
R x V  x s 2 4  - 0 . 9 5  1 . 5 2 
Populati ons (P ) 2 4 . 60*  20 . 88** 
A vs B ,  C-H+ 1 4 .  70 * 1 8 . 9 9 ** 
B vs c 1 4 . 46* 2 2 . 76** 
R x P  6 0 . 47 0 . 39 
v x p 8 0 . 40 1 . 54 
s x p 4 0 . 36 2 . 21 
R x V  x p 2 4  0 . 69 1 . 35 
R x  s x p 1 2  1 . 33 0 . 90 
v x s x p 16 0 . 23 1 . 0 8  
Erro r 4 8  
+ c = C o rs oy ; A = Anoka ; Ch = Chipp ewa ; W = Wi r th ; D = Dunn -
++ 1 = 10 inch ; 2 = 2C inch ; 3 = 30 inch 
+H- A = 80 , 000 p lan ts per acre ; B = 120 , 000 p lant s  p e r  a c r e ; 
c = 160 , 000 p l an t s  p e r  acre 
* S i gnifi can t  a t  0 . 0 5  level 
** S i gni f i can t  a t  0 . 0 1  level 
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Leng th o f  int ernodes app ears to influence b as al p o d  heigh t  more than 
numb er of s t erile nodes . The interac tions b e twe en varie ty and s pa cing , 
variety and population , and p opulat ion and s p acing were no t s i gnif i can t . 
S ee d  Charact eris tics 
Numb er of S eeds 
Average numb er of s eed (Tab le 20 ) was very much a f f e c t e d  by r ow 
spacing and plant popula t i on . Wide row spacing (30 inch) c omb ined wi th 
low p lan t p opula tion ( 80 , 000 µ lants per acre) p roduced the maximum 
numb er of s eeds per p lant . Narrow row spacing and lower p opul a t i ons 
produced f ewer s eeds . Varie ti es differed in respons e to s p a ci ng and 
populat ion . Cors ey produced mos t  s eeds throughout the experimen t .  
Tab le 23 indi cates tha t  s eed numb ers were dif ferent for vari e t i e s , row 
sp acings and p opul a t i ons and or thogonal comp aris ons showed s igni f i c an t  
di f ferences wi th in each treatment . 
Numb er of s ee ds per p o d  as i l lus trated in Tab le 2 1  was no t 
inf luenced b y  s p acing or population b u t  Anoka and Co rs ey had f ew e r  
s eeds p er p od than the o th e r  varie ties (Tab le 23) . 
S eed S i ze 
S eed s i ze o f  s oyb eans was als o s tudied as a s eed chara c teri s t i c . 
Res ults in Tab le 22 indi cate tha t  row sp acing and p opula t i on had no 
effect upon s ee d  s i ze . Vari e tal d i f ferences were app arent b u t  were 
prob ab ly no t a f f e c t e d  by s p a cing or population (Tab le 23) . 
O i l  and Pro tein Conten t  
Oil and pro t e in contents o f  s eeds are lis ted i n  Tab le 24 . 
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Tab le 20 . Numb er of  S eeds Per P lant 
Row · sEatirtg . (irtches ) · 
Varieties Blocks 10 . . 20 . . . 30 . Means of  
A* B* . C* A B . c · A . B c · · varieties 
1 9 5  6 7  5 8  9 8  70 83 139 7 1  9 5  
Anoka 2 89 84 69 105 60 73 134 1 2 1  7 5  
3 111 76  5 5  100 83 80 81 8 2  5 6  
4 70 5 5  5 8  87  77  85 151 9 1  6 1  
Means 9 1  70 60 9 7  7 2  80 126  9 1  7 2  85 . 0  
1 82  74  44 75 � 76 51 130 7 7  8 7  
Chippewa . 2 6 3  59 . 40 80 6 7  6 3  111 7 8  85 
3 9 8  6 6  5 1  84 81 48 9 7  6 3  89 
4 56  54  48  87  9 7  48 1 2 3  5 2  7 3  
Means . 75 6 3  4 6  81 80 52  115 6 7  83  7 4 . 2  
1 165 110 119 16 1 9 8  105 12 7 10 4 7 7  
Cors oy 2 88 1 4 7  9 8  10 6 81 9 8  19 2 166 73 
3 19 4 15 7 9 7  1 32 135 9 1  208 15 3 9 2  
4 164 145 115 1 7 7  161 10 1 205 20 3 9 4  
Means 153 140 10 7 144 119 99  183 15 7 84  132 . 1  
1 5 7  5 3  33 73 65  57  86  7 6  4 3  
Dunn 2 6 2  34 42 66  6 6  59 70 7 8  5 4  
3 50  44 40 6 8  46 59 83 79 6 2  
4 6 4  6 6  4 3  70 48  44 - 10 1 79 5 6  
Means 5 8  49 40 70 56  55  85 7 8  5 4  6 1 . 0  
1 70 6 7  33 69  83 46 120 109 5 6  
Wirth 2 50 46 38 76 5 7  74 119 10 1 6 0  
3 ·  5 3  4 8  39 81 6 8  56 148 109 7 3  
4 7 1  6 2  36 83 5 2  7 2  10 4 85 6 5  
Means 6 1  56  36 7 7  6 5  6 2  1 2 3  10 1 6 4  7 2 . 0 . 
Over all means : 88 . 0  76 . 0  5 8 . 1  9 4 . 3  78 . 8  70 . 0  126 . 8 9 9 . 3 7 1 . 8  
Spacing means : 74 . 1  81 . 1  9 9 . 3  
*P lant p op ulation means : A ( 80 , 000) = 10 3 . 1  
B ( 1 20 , 000 ) = 84 . 8  
c ( 160 , 000) = 66 . 8  
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Tab le 2 1 . Numb er of  S eeds Per P od 
Row SEacing (inches ) 
Varieties Blocks 10 20 30 Means of 
A* B* C* A B c A B c Vari eties 
1 1 . 9 5  1 .  89 1 . 9 2  1 . 9 5 1 . 39 1 .  76 1 .  73 1 .  84 1 . 9 9 
Anoka 2 1 . 9 4  1 .  86 1 .  75 1 .  85 1 .  7 3 1 .  81 1 .  84 1 .  86 1 .  83 
3 1 . 76 1 . 83 1 . 73 1 .  9 3 1 .  9 3 1 .  44  1 .  85  1 .  79 1 .  7 8 
4 1 .  7 4 1 .  80 2 . 16 1 .  82 1 .  84 1 .  82 1 . 9 1  1 . 6 2 1 . 59 
Means 1 . 84 1 . 84 1 .  89 1 .  88 1 .  7 2  1 .  70 1 . 83 1 . 7 7 1 .  79 1 . 81 
1 2 . 0 1 2 . 10 2 . 05 2 . 0 2  2 . 0 4  2 . 0 1 2 . 00 2 . 10 2 . 25 
Chippewa 2 2 . 0 2  1 . 9 2  2 . 0 4 2 . 03  2 . 11 2 . 0 8 2 . 13 2 . 16 2 . 0 6  
3 2 . 0 7  2 . 00 1 . 89 1 .  9 8 2 . 14 2 . 09  2 . 0 7  2 . 0 4  . 2 . 14 
4 1 . 9 9 2 . 21 1 . 9 6  2 .  20 2 . 0 7  2 . 15 2 . 10 2 . 20 2 . 15 
Means 2 . 0 2  2 . 0 5  1 . 9 8  2 . 05  2 . 09 2 . 0 8  2 . 0 7  2 . 12 2 . 15 2 . 0 7  
1 1 . 87 2 . 0 5  2 . 0 4 1 .  83 1 .  89 1 . 82 1 .  86 1 .  84 1 .  85 
Corsey 2 1 .  87  1 .  7 3 1 .  85 1 . 69 1 . 66 1 . 90 1 .  81 1 .  76 1 .  88  
3 1 . 9 5  1 . 82 1 . 9 2  1 . 9 2  1 . 87 1 .  71 1 .  88 1 .  89 2 .  0 5 
4 2 . 10 1 .  9 5 1 .  7 8 1 .  9 2  1 .  85 1 . 88 1 .  82 1 .  9 8 1 .  83  
Means 1 . 9 4  1 .  8 8  1 .  89 1 .  84 1 .  81 1 .  82 1 .  84 1 .  86 1 . 9 0 1 .  87  
1 2 . 0 1  2 . 14 2 . 12 2 . 2 1 2 . 2 3 2 . 10 2 . 24 2 . 0 5  2 . 09 
Dunn 2 2 . 33 2 . 05  2 . 14 2 . 11 2 . 2 4 2 . 1 7  2 . 14 2 . 19 1 . 9 7  
3 2 . 0 8  2 . 11 2 . 0 2  2 .  0 2 2 . 10 2 .  2 2 2 . 11 2 . 10 2 . 13 
4 2 . 18 2 . 24 2 . 13 2 . 20 2 . 19 2 . 1 7 2 . 20 2 . 09  1 . 84 
Means 2 . 15 2 . 1 3 2 . 10 2 . 1 3 2 . 19 2 . 16 2 . 1 7 2 . 10 2 . 00 2 . 12 
1 2 . 18 2 . 12 2 . 0 6  2 . 09 2 . 29 2 . 0 9  2 . 2 2 2 . 04  2 . 1 8 
2 1 . 9 7  2 . 0 3  1 . 9 7  2 . 0 8  2 . 0 7  2 . 09  2 . 20 2 . 0 8  1 . 9 5 
3 , 2 . 19 2 . 0 8 2 . 10 2 . 09 2 . 0 8 2 . 1 7 2 . 1 5 2 . 0 9  2 . 1 3  
4 1 .  9 3 2 . 15 2 .  09 2 . 14 2 . 09 1 . 49 2 . 24 2 . 15 2 .  20 
Wirth 
Me ans 2 . 06 2 . 0 9  2 . 0 5  2 . 10 2 . 1 3 1 . 9 6 2 . 20 2 . 09 2 . 11 2 . 0 9  
Over all means : 2 . 00 1 . 9 9  1 . 9 8  2 . 00 1 . 9 8  1 . 9 4  2 . 0 2  1 . 9 8 1 . 9 9  
Spacing means : 1 . 9 9  
*P lant population means : 
1 . 9 8  
A ( 80 , 000 ) = 2 . 01  
B (120 , 000 ) = 1 . 9 9  
c ( 160 , 000 ) = 1 . 9 7  
1 . 9 9  
Tab le 2 2 . S eed S i ze of  S oyb eans (Grams / 100 s eeds ) 
Row spacing (inches ) 
4 1  
Varieties Blo cks 10 20 30 Means of 











1 20 . 4  19 . 1  20 . 7  19 . 8  19 . 1  19 . 7  19 . 1  1 8 . 5  20 . 1  
2 20 . 4  20 . 4  20 . 8  20 . 4  19 . 7  19 . 5  20 . 2  19 . 8  20 . 2  
3 20 . 9  20 . 6  20 . 5  20 . 4  2 1 . 1  19 . 6  20 . 4  20 . 7  20 . 1  
4 20 . 3  20 . 0  20 . 5  19 . 4  21 . 0  18 . 9  20 . 0  1 8 . 7  20 . 8  
20 . 5  20 . 0  20 . 6  
1 15 . 4  15 . 8  15 . 7  
- 2  16 . 1  15 . 9  15 . 6  
3 16 . 2  15 . 5  15 . 4  
4 16 . 3  1 6 . 3  15 . 5  
16 . 0  15 . 9  15 . 5  
1 14 . 4  15 . 4  15 . 5  
2 15 . 3  14 . 7  15 . 8  
3 13 . 8  14 . 5  15 . 2  
4 13 . 6  13 . 7  14 . 9  
14 . 3  14 . 6  15 . 3  
1 1 7 . 0  1 7 . 0  16 . 5  
2 16 . 6  1 7 . 4  16 . 5  
3 17 . 1  1 7 . 2  1 7 . 0  
4 16 . 4  16 . 5  16 . 9  
16 . 8  17 . 0  16 . 7  
1 16 . 2  16 . 4  1 7 . 0  
2 16 . 4  16 . 2  16 . 1  
3 1 6 . 5  16 . 1  16 . 1  
4 15 . 8  16 . 0  16 . 6  
16 . 2  16 . 2  16 . 5  
20 . 0  20 . 2  19 . 5  
16 . 9  .J.6 . 1  15 . 5  
16 . 0  15 . 5  15 . 9  
15 . 7  15 . 8  15 . 6  
15 . 8  16 . 2  15 . 7  
16 . 1  15 . 9  15 . 7  
15 . 6  15 . 6  15 . 3  
15 . 7  15 .. 2 15 . 0  
16 . 1  14 . 4  15 . 0  
14 . 9  13 . 8  15 . 1  
15 . 6  14 . 8  15 . 1  
17 . 3  17 . 6  16 . 9  
17 . 0  16 . 8  16 . 2  
1 7 . 0  16 . 3  16 . 6  
1 7 . 6  16 . 3  16 . 8  
17 . 2  16 . 8  16 . 6  
15 . 8  16 . 3  16 . 1  
16 . 5  16 . 3  16 . 8  
16 . 6  16 . 6  15 . 5  
16 . 3  16 . 5  16 . 4  
16 . 3  16 . 4  16 . 2  
19 . 9  19 . 4  20 . 3  
16 . 7  16 . 9  15 . 5  
16 . 8  15 . 7  16 . 2  
15 . 6 15 . 7. 16 . 0  
16 . 2  15 . 9  15 . 4  
16 . 3  16 . 0  15 . 8  
14 . 6  15 . 0  1 5 . 5  
13 . 9  15 . 2  15 . 6  
14 . 2  1 4 . 4  1 4 . 9  
1 3 . 7  12 . 0  1 4 . 5  
14 . 1  1 4 . 1  15 . 1  
17 . 6  1 8 . 2  1 7 . 1  
1 7 . 2  1 7 . 4  16 . 7  
17 . 2  1 7 . 6  1 7 . 3  
1 7 . 5  1 7 . 0  1 6 . 8  
17 . 4  17 . 5  1 7 . 0  
1 7 . 3 16 . 9  16 . 4  
1 7 . 1  16 . 4  1 7 . 0  
16 . 9  16 . 1  15 . 7  
16 . 5  16 . 3  16 . 8  
16 . 9  16 . 4  16 . 5  
Over all means : 16 . 7  16 . 7  16 . 9  1 7 . 0  16 . 8  16 . 6  16 . 9  1 6 . 7  1 6 . 9  
Spa cing means : 16 . 8  
*Plant population means : A 
B 
c 
16 . 8  
( 80 , 000 ) = 16 . 9  
( 1 20 , 000 ) 16 . 8  
( 160 , 000) = 16 . 8  
16 . 8  
20 . 1  
15 . 9  
14 . 8  
1 7 . 0  
16 . 4  
Tab le 2 3 . Analys is  o f  Variance for Seed Characteris ti cs 
Sour ce D . F .  
Rep li cations (R) 3 
Varie ties (V) 4 
C vs A ,  Ch , W ,  D+ 1 
A vs Ch ,  W ,  D 1 
Ch vs W ,  D 1 
W vs D 1 
R x V  
Spa cings ( S )  
1 V S  2 ,  3-f+ 
2 vs 3 
R x S 
v x s 
R x  V x S 
P opulations (P) 
A vs B ,  C+++ 
B vs C 
R x  P 
V x P 
s x p 
R x  V x P 
R x  S x P 
v x s x p 
Error 



















1 . 6 6 
133 . 1 2** 
4 82 . 05 ** 
33 . 05** 
6 . 75* 
10 . 5 2** 
3 . 11** 
49 . 38** 
50 . 32** 
4 8 . 42** 
1 .  29 
3 . 26** 
- 1 . 9 2  
9 5 . 06** 
143 . 25** 
46 . 85** 
0 . 9 3  
4 . 73* 
6 . 70** 
1 . 30 
1 . 11 
2 . 0 1* 
F 
See d  per 
P od 
0 . 6 7  
49 . 33** 
44 . 60 ** 
144 . 46** 
2 . 0 0  
1 . 06 
0 . 7 3 
0 . 5 3 
0 . 40 
1 . 5 3 
0 . 6 7  
1 . 2 7 
0 . 60 
0 . 60 
0 . 20 
0 . 6 7  
0 . 9 3  
0 . 0 7  
Seed S i ze 
5 . 7 8** 
8 71 . 9 8** 
1169 . 6 3** 
2 1 84 . 0 1* *  
9 3 . 5 8** 
38 . 6 4** 
5 . 59 ** 
0 . 2 7 
0 . 60 
5 . 9 6 ** 
0 . 9 3  
2 . 0 8  
1 . 2 2 
3 . 9 6 ** 
3 . 32** 
2 . 2 2** 
0 . 9 4  
2 . 12 *  
+ C = Cors oy ; A = Anoka ;  Ch = Chipp ewa ; W = Wirth � D 
= Dunn 
++ 1 = 10 inch ; 2 = 20 inch ; 3 30 inch 
+++ A = 80 , 000 plants per acre ; B = 120 , 000 p lants
 per acre ; 
C = 160 , 000 p lants p er acre 
* S ignifi cant at 0 . 05 level 
** Signifi cant at 0 . 0 1  leve l 
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Row spacing (inches) 
. 10 20 30 
A* B *  C* A B c A B c 
Protein 
44 . 3  4 3 . 6  4 4 . 1  44 . 6  45 . 0  44 . 6  4 4 . 8  4 4 . 9  4 4 . 8  
45 . 1  4 4 . 2  45 . 9  46 . 3  45 . 3  46 . 5  45 . 8  45 . 9  4 4 . 7  
43 . 3  4 2 . 5  43 . 1  44 . 3  44 . 5  44 � 1  44 . 1  4 3 . 5  43 . 0  
45 . 9  45 . 5  44 . 4  44 . 9  46 . 0  44 . 3  45 . 0  43 . 8  4 2 � 5  
46 . 4  46 . 1  46 . 6 . 46 . 5  46 . 5 ' 46 . 4  46 .. 0 46 . 1  4fr . 5  
Over all means : 45 . 0 44 . 3 4 4 . 8 45 . 3 45 . 4 45 . 1  45 . i 4 4·. 8 4 4 . 3 
Spacing means : 44 . 7  45 . 2  4 4 . 7  
Means 
4 4 . 5  
45 . 5  
43 . 6  
4 4 . 7  
46 . 3  
*Population means : A (SOM) = 45 . 1, B ' (120M) = 44 � 8, C ( 160M) · = 4 4 . 7  
· Anoka 
Chippewa 




2 2 . 4  2 2 . 3  2 2 . 3  21 . 3  2 1 . 7  2 1 . 6  
2 2 . 1  2 1 . 9  19 . 8  19 . 8  20 . 1  19 . 1  
20 . 1  20 . 1  20 . 2  20 . 1  20 . 1  19 . 9  
20 . 6  20 . 6  20 . 1  20 . 6  20 . 3  20 . 3  
19 . 8  20 . 7  19 . 9  20 . 1  19 . 8  20 . 3  
Over all means : 2 1 . 0  2 1 . 1  20 . 4  20 . 3  20 . 4  20 . 2  
Spacing means : 20 . 8  20 . 3  
2 1 . 6  
19 . 9  
19 . 6  
20 . 6  
19 .. 7 
20 . 2  
*Population means : A ( SOM) = 20 . 5 , B ( 120M) = 20 . 6 ,  
2 2 . l  2 1 . 8  
20 . l · 19 . 8 
19 . 4  20 . 2  
20 . 7  20 . 8  
20 . 3 19 . 8 
20 . 5 20 . 4 
20 . 3  
C . ( 160M) = 
2 1 . 9  
20 . 2  
19 . 9  
20 . 5  
2.0 . 0  
20 . 3  
Pro tein percentage was higher than expe cted in thi s  tes t and 
averaged 4 4 . 9 % for the entire tes t but was not greatly affected b y  
plant s pacing . A s ligh t  increas e in pro tein was found wi th low p lant 
popul ation or medium row spacing . Varieties ranged f rom 43 . 6% for 
Corsoy to 46 . 3% for
.
Wir th . 
S oyb ean oil percentage was no t much affected by p lant o r  row 
spacing , b ut v�riety differences were evident . Anoka was nearly two 
percent higher than any o ther variety wi th average oil content of  
varieties ranging from 19 . 9% for  Corsoy to 2 1 . 9 % for  Anoka . 
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T� tal pro tein and oil content of  s eed
 ranged from 6 3 . 5% for Cors oy , 
65 . 2% for Dunn , 6 5 . 7% for Chipp ewa , 66 . 3% for Wirth and 6 6 . 4%
 for Anoka . 
Thes e values are much high er than expected and indi cate
 excellent s eed 
quali ty . 
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Yield . 
Yield of  s oyb eans was calculated in kilograms per hectare and 
results are given in Tab le 25 . Cors oy was the. highes t yielding varie ty 
and Dunn lowes t  o f  five varieties tes ted . Y ield advantages o f  10 
inch rows over 30 inch rows ranged from only ab out 5 percent f or 
Chippewa and Dunn and 10 percen t for Wir th to nearly · 20 _percent for . 
Anoka. and Cors oy . Soyb.ean yield was s trongly influenced by row 
spacings and p lant populations . In general , as . row spacing increas ed , 
yield gradually de creas ed throughout the experiment . Lower p lant 
populations als o produced highes t s oyb ean yields . The maximum yield was 
in 10 inch rows wi th plant  population of 80 ,000 plants p e r  acre . The 
effect o f  plant popula tion on yield was the same as . row sp acing where 
wi de rows or high p opulati ons failed to p roduce highes t yields . 
The effects of  b o th row spacing and plant population on s oyb ean 
yields were high ly signifi cant (Tab le 26) . Ten inch rows were s uperior 
but there was no di fference b e tween 20 and 30 inch rows by orth ogonal 
comparis ons . Di fferences b e tween population levels were all s i gnif icant 
as was the interaction b e tween variety and spacing . Interact i on b e tween 
varie ty and p opulation was s ignifi cant at the five percent level and 
s igni fi cant interaction was als o found b etween sp acing and population .  
I t  appeared tha t b es t  yield was no t due to row spacing or plant 
population alone but proper comb ination res ul ted in maximum yield 
potential . 
Correlation of  Yield Components and P lant Characteris t i cs
. 
Correlation coeffi cients of  yield respons es and p la
nt charact er-
is tics are given in Tab le 2 7 ,  28 and 29 . 
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Tab le 25 . Soyb ean Yields in Kg /Hectare on a Dry Weigh t  B as i s  - 19 71 
Row sEacing (inches ) · 
Varie ties B locks 10 20 
A* B* C* A B c 
1 236 8 2 340 2189 2110 154 8  16 30 
Anoka 2 2387  2 50 8  2 250 19 78 1884 1843 
3 2 3 1 2  20 99 20 71 20 32 19 70 20 82 
4 2 2 5 4  2 1 14 209 7 2133 19 59  1879 
Means 2 330 2 265  2 151 20 6 3  1840 " 1858 . 
1 2 19 8 2 159  2 1 1 4 2116 ).9 6 8  1 7 87 
Chippewa 2 1 843  1 884 1 79 3  20 82 1854 1 7 83 
3 2219 19 7 8  189 4  2009 2039 1 879 
4 20 4 7  2039 20 4 1  2 2 1 1  232 7 189 4  
Means 20 76 20 15 19 60 2 104 20 4 7  18 35 
1 269 7 2 4 20 2 370 246 3 2359 2 20 7  
Cors oy 2 2241  232 1 2 1 14 2303  2032 1843 
3 2463  2 334 2331 20 80 19 6 8  19 18 
4 2 7 36 2430 2213 2 2 26 2176 2 19 4  
Means 2534 23 76 2 2 5 7  2 26 8  2133 2040 
1 2164 20 2 4  1 76 7 20 11 19 40 1791 
Dunn 2 20 75 19 10 186 9  1632 1830 16 53  
3 2 25 2  1 869 182 1 19 29 1 76 5  1699 
4 1834 19 89 1 80 8  19 74 20 39 1871  
Means 20 81 19 4 8  1816 1886 189 3  1 7 5 3  
1 2 2 82 2387  2 209 20 9 7  19 6 3  1871 
Wi rth 2 20 7 1  1 873  19 46 1851 189 8 1 7 2 2  
3 200 4 2 19 2 209 3 2 1 25 1 789 1871 
4 2 1 2 1  20 86 20 13  20 71 20 4 7  189 2 
Means 2119 2 134 20 65  20 36 19 24  1839 
Over all means : 2 2 2 8  214 7 20 49 20 71 19 6 7  1865 
Spacing means : 2141  19 6 7  
*P lant p opulation means : A ( 80 , 000 ) = 209 2 
B (120 , 000) = 2023 
c ( 160 , 000) = 19 18 
30 
A B 
1511 1371  
20 84 19 4 2  
19 50 1 8 79 
2032 2037  




" 1 80 7  
20 2 8  
2331 2002 
1836 19 14 
20 2 1  19 59  
2033 19 75 
19 33 1 804 
20 54  19 59  
2331  20 84 
2164 19 16 
2120 19 40 
1 76 7  2 1 81 
1830 2000 
186 4  2 14 8  
20 75 2 1 1 2 
1884 2 1 10 
1879 19 50 
20 15 19 76 
2000 200 9 
19 59  1 89 4  
19 6 3  19 5 7  
19 7 8  19 5 7  
19 2 5  
Means o f  
c Varieties 
1 84 1  
20 86 
19 1 2  
20 80 
19 79 20 20 
1 860 
16 5 3  
1 709  
1851  
1 76 8  19 79 
1 819 
1 8 2 8  
19 4 4  
2319 
19 7 7  2 1 82 
1 80 8  
16 9 2  
1 7 5 2  
16 2 1  
1 7 1 8  1 89 8 
1841 
1 7 7 2  
15 6 1  
1 86 6  
1 760  19 7 7  
1 840 
Tab le 26 . Analys is o f  Variance for Yield 
S ource 
Rep li cations (R) 
Varieties (V) 
c VS A, Ch , w, D+ 
A vs Ch , W ,  D 
Ch vs W ,  D 
W vs D 
R x  V 
Spacings (S ) 
1 VS 2 ,  3++-
2 vs 3 
R x  S 
v x s 
R x  V x S 
Populations (P ) 
A vs B ,  C+++ 
B vs C 
R x  P 
v x p 
s x p 
R x V x P  
R x  S x P 
v x s x p 
Error 
D . F .  
3 
4 























5 . 0 2** 
29 . 70** 
9 7 . 9 1* *  
9 . 5 7* *  
3 . 0 4 
8 . 2 8* *  
3 . 2 2** 
5 8 . 5 3** 
113 . 0 7** 
3 . 9 8 
6 . 20** 
6 . 19 ** 
2 . 0 7* 
34 . 4 1** 
43 . 82** 
24 . 9 8** 
0 . 2 3 
2 . 54 *  
7 . 7 7** 
0 . 5 1  
1 . 49 
1 .  76 
+ C = Cors oy ; A = Anoka ; Ch = Chipp ewa ; W = Wir th ; D = Dunn 
++- 1 10 inch ; 2 = 20 inch ; 3 = 30 inch 
- -
+-I+ A = 80 , 000 p lants per acre ; B = 120 , 000 plants p e r  acre ; 
C = 160 , 000 p lants per acre 
* S ignifi cant at 0 . 05  level 
** S ignificant at 0 . 0 1  level 
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The r values ob tained wi th varie t ies used were high ly correlated 
wi th mos t p lant characteris tics . The highes t correlat i on coeffi cients 
ob tained wi th varie ties were 0 . 50 7 ,  0 . 5 15 and 0 . 4 7 1  wi th .early p lant 
heigh t , seed per pod and s eed s i ze ,  respectively . 
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Relationships between varie ties and yield respons e ,  numb er o f  p ods 
on the main s tem and heigh t  of the lowes t pod were very s ligh t . 
All characteris ti cs excep t numb er of s eeds per p o d , s eed s i ze , 
leaf re tent i on , maturi ty and late plant heigh t  gave s ignifi cant 
corre;I.ation coeffi ci ents wi th row spacing of s oyb eans (Tab le 2 7 ,  2 9 ) . 
Yield res pons e , canopy coverage , lowes t pod heigh t and numb er o f  
s teri le nodes produced negative as s o ci ations with row s p a cing . 
. The re lationship b e tween population and all components excep t 
numb er of  s eeds per pod , seed s i ze ,  late plant heigh t ,  and e arly canopy 
were s ignificant (Tab le 27 , 29 ) . 
S oyb ean yields were highly ass o ciated wi th numb er of  b ranches , 
numb er of pods and number o f  s eeds per plant in all clas s es o f  
comp ari s ons , b u t  not
' wi th numb er o f  s eeds per pod . Yield resp ons e  was 
negatively correlated wi th early p lan t heigh t  but dire c t ly correlated 
wi th late p lant heigh t . A p os i tive as sociation was found b e tween y ield , 
number of b ranches , and pod characteri s ti cs while thi s  was neg ative for 
branches wi th s terile nodes and yield . 
Tab le 2 7 . Correlation Coefficients for Yield Components , Growth Facto rs and Maturi ty 
Variety Row Popu- Yield 











Ground Leaf Maturi ty 
coverage retenti . 
Variety 0 . 000 0 . 000 -0 . 109 , 0 . 50 7** 0 . 236** 0 . 149* 0 . 1 7 7* 0 . 2 1 1* -0 . 39 7** -0 . 324** 
Row spac� ng 0 . 000 -0 . 40 7** 0 . 26 7** 0 . 0 83 -0 . 904** -0 . 75 7** -0 . 732** -0 . 0 87 -0 . 0 7 7 
Population 
Yie ld 
Plant heigh t  {early) 






* S ignifi cant at 0 . 05 level 
** Signi fi cant at 0 . 01 level 
-0 . 329** 0 . 264** -0 . 015 0 . 135 0 . 19 2** 0 . 290** 0 . 014 -0 . 0 24 
-0 . 417** 0 . 232** 0 . 2 34** 0 . 084 
-0 . 0 5 8  -0 . 0 20 0 . 120 
-0 . 0 85 -0 . 0 80 
0 . 154* 0 . 384** 0 . 354** 
0 . 050 -0 . 599** -0 . 555** 
0 . 110 0 . 256** 0 . 2 7 1** 
0 . 830** 0 . 752** -0 . 182** -0 . 169 ** 
0 . 713** -0 . 244** -0 . 240** 
0 . 012  0 . 0 1 2 
0 .  89 8** 
,i:... 
0) 
Tab le 2 8 .  Correlation Coeffi cients for Yie ld Components , Branch and Pod Characteris tics and 
Pod Height 
Varie ty Row Popu- Yield Branch Pods 
numb ers per 
plant 
Pods on Percent Lowes t S terile 
spacing lation 





Pods per plant 
Pods on main s tem 
Percent pods on branch 
Lowes t pod 
Sterile nodes 
* Signifi cant at 0 . 05 level 
** Si gni fi cant at 0 . 01 level 
0 . 000 
-0 . 109 
main pods on pod nodes 
s tem b ranches 
-0 . 304** -0 . 235** -0 . 0 74 -0 . 424** 0 . 051  -0 . 32 1** 
-0 . 40 7** 0 . 259** 0 . 25 8** 0 . 2 86** 0 . 315** -0 . 49 8** -0 . 412** 
-0 . 329 ** -0 . 415** -0 . 370** -0 . 34 7** -0 . 374** -0 . 187* 0 . 310** 
0 . 373** 0 . 378** 0 . 366** 0 . 30 1** 0 . 0 80 0 . 120 
0 . 851** 0 . 740** 0 . 864** 0 . 1 7 3  -0 . 2 82** 
0 . 890 ** 0 . 839** -0 . 339 ** -0 . 36 3** 
0 . 6 43** -0 . 348** -0 . 40 4** 
-0 . 26 3** -0 . 2 34** 
0 . 244** 
� 
ID 
Tab le 29 . Correlati on Coefficients for Yield Components and Seed Characteris ti cs 
Variety 
Row sp acing 
Populati on 
Yield 
Seed per p lant 
Seed per pod 
Seed size 
Row Populati on Yield Seed p er Seed per Seed 
spacing plant pod s i ze 
0 . 000 0 . 000 -0 . 109  -0 . 152* 0 . 515** -0 . 4 71** 
0 . 000 -0 . 40 7** 0 . 285** 0 . 0 12 0 . 0 1 2 
-0 . 329** -0 . 40 8** -0 . 0 86 -0 . 0 16 
0 . 39 4** -0 . 1 33 -0 . 09 6  
-0 . 284** -0 . 2 88** 
-0 . 261** 
* Signifi cant at 0 . 05 level 
** Signifi cant at 0 . 01  level 
VI 
0 
GENERAL DI SCUS SION 
Growth Characteris ti cs 
S oyb ean p lants grown . at dif ferent row sp acings and plan t  popula­
tions produced signi fi cant di f ferences in plant heigh t  during the 
growing s eas on but li t t le di f ference at maturi ty . Thi s  could b e  
at t ributed t o  moi s ture b e caus e s oi l  mois ture condi tions · at  emergence 
were much mo re f avorab le than in mid summer . Rainfall t otal was 1 2 . 8  
. inches from .{\.pril through S ep tember but less than two inches was 
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recorded i n  the eigh t  weeks from July th rough Augus t* . Lack of mois ture 
during the growing s eas on res tri cted heigh t  o f  p lants in · all row 
spacings . Th is s ame relation was reported by Pendleton , Had ley and 
Bernard (17)  wh o concluded th at the effect of row spacing on p lant 
heigh t depended on rainfall . Res ults of thi s  s tudy are comp arab le to 
. the res ults of  Leffel and Barber (12) , and Nels on and Rob ert  ( 16 ) , wh o 
found s i gni fi cant e f fe ct s  on p lants height . 
Sus cep tib i li ty o f  s oyb ean land to erosion is clos e ly related t o  
the s o i l  coverage during early plant growth and afte r maturi ty . Narrow 
row sp acing resulted in gre ater soil protection both through the 
growing s eas on and during the wint er and low populati ons were b et te r  · 
than high ones . P lant canopy coverage incre as ed un ti l mi d-s umme r w i th 
the mos t comp le te cover ob tained with 10 inch rows and the high es t 
plant populat ion o f  160 , 000 plants per acre . The effect  s eems to 
res ult from early shading of the ground in increas ing dens i ti es . The 
*S outh Dakota Weekly Weather , Crop and Lives to ck Report , 19 71 , No . 8 
through 2 8 . 
30 inch rows were too wi de and the canopy remained open throughout 
the growing s eas on . 
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Narrow row p lant ing appears t o  have several advantages . Greater 
intercep tion of ligh t  by p lants should res ult in more pho tosynthes is 
and dry matter production . Early shading of narrow rows allows les s  
light  t o  p ass through the p lant canopy f o r  growth and development o f  
weeds . Evaporati on mois ture loss i s  reduced , s oil and w a t e r  loss from 
runoff are minimi zed and air tempera�ure and humi di ty wi thin the c anopy 
appear to be more favo rab le for seed production . Thes e findings are 
suppor ted by Mannering and Johns on (15) , who s tres s ed the imp or tance of  
soi l p ro te ction and s oi l  water infil tration cap aci ty . 
Maturity was delayed s ligh tly by planting in narrow rows but was 
no t affected by us e of different populations . Delay in maturi ty was 
prob ab ly ass ociated wi th more efficient us e of mois ture . Wide row 
sp acing plo ts prob ab ly exhib i ted premature ri�ening f rom drough t s tres s . 
Leaf retention is clos e ly related to maturi ty and row sp acing als o 
affected leaf retention of p lants wi th more leaves on narrow row 
s oyb eans . Varietal di fferences are apparent as are interact i ons 
b etween plant spacings and varie ties . Delayed drying o f  compact 
canopies p rob ab ly causes s ome delay in leaf dropping and maturi ty . 
Branch es , P ods and Seeds 
Reduced row spacing and increased plant dens i ty res ulted in les s 
b ranched p lants b earing fewer pods and s eeds . Increas ed b ranch ing was 
related mainly to lack of  plant competi tion . S ince the highes t y ie lds 
were ob tained wi th relatively low b ranch numb ers (Tab le 1 2  and 25) , i t  
appeared that  b ranching was no t a cri tical factor in maximum yield 
production . Varie ties were different for b ranching cap ac i ty ,  and 
Cors oy had th e mos t b ranches but Cors oy b ranches were small and no t 
inclined to  b reak . 
Height  of  p ods is  an important characteris tic  whi ch should b e  
consi dered in variety s election and p roduction methods . Harves t is 
one o f  the mos t  cri ti cal s teps in profi tab le soyb ean p roduction as 
b eans le f t  on the s tubb le increas e harves t los s es . Cut ting heigh t  
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should b e  sui tab le for comb ining and plants having good ·p o d  hei gh t  will 
minimi ze harves t losses . The varie ties us ed in this exp eriment had 
vari ab le pod heigh t  wi th different row spacings and p lant populations . 
Cors oy had very low pod heigh t  in wide rows but was qui te accep tab le in 
narrow rows while Anoka was no t much affected by row s pacing . 
The effects of row spacing and plant population on pod hei ght were 
als o very evident . As row spacing decreas ed ,  pod heigh t  increas ed b ut 
higher p lant populations had lower pods . Pod heigh t  can thus b e  
' 
increas ed and harves t los ses can b e  reduced by good p roduct i on me thods . 
Hil ling during cul tivation is als o very important as i t  is a factor 
that dire ctly_ de termines the hei ght of pods ab ove ground l evel . 
Numb er o f  s eeds per  p lant is  inversely related to p lant p op ulation 
and dire ctly related t o  row spacing . Seeds per pod  and s ee d  s i ze are 
comp le tely indep endent of row sp acing and p lant population and the 
varie ty wi th the highes t yield was the one wi th the smalles t s eeds and 
the fewes t s eeds p er pod . This indi cates that large p ods o r  large 
s eeds were no t related to yield po tential in this tes t . 
Oil and protein content of  soyb eans was not related t o  row 
spacing or p lant population in this tes t .  S eed analys is indi cated 
that varieties were different but p lant spacing h as li t t le effect  on 
seed quali ty . 
Yield Respons e 
The lowes t dens i ty o f  pop ulat ion ( 80 , 000 p lants per acre ) wi th 
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10 inch row spacing resul ted in signifi cantly higher yields than p lo ts 
where rows . were spaced 20 or 30 inches apart or where p lant p opulation 
was 120 , 000 or 160 , 000 plants per acre . Th is was true for all 
varieties excep t Chipp ewa . Narrow row yield advantage of o ther 
varieties ranged from 23  percent for Anoka and 20 percen t for Cors ey 
to 10 percent for Dunn and 8 percent for Wirth when the b es t  p op ulation 
( 80 , 000 p lants per acre) is  us ed to compare 10 inch rows wi th 30 inch 
rows . Decreas e in yield a t  higher p lant densi ties could p os s ib ly b e  
at trib uted t o  s evere plant competi tion whi ch took p lace i n  s ome 
spacing comb inations . S ignifi cant interactions b e tween row spacing 
and variety and between population and variety sugges t tha t  varieties 
acted differently in yield resp ons e of s oyb eans (Tab le 26) . It is als o 
app arent from Tab le 2 5  that p lo ts generally p roduced high es t s eed 
yields at lowes t p opulation for each row wi dth and at narrow sp acing 
for each p lant p op ulation . 
Corsey gave the highes t average yield , 2_182 kg . p er hec tare 
(32 . 4  b u .  per acre) . S eed yields produced by the o ther varie ties were 
20 2 1  kg /ha for Anoka (29 . 9  bu/A) , 19 80 kg/ha for Chipp ewa (29 . 4  b u/A) , 
19 7 8  kg /ha for Wirth ( 29 . 3  b u/A) , and 189 8  kg/ha for Dunn (2 8 . 2 b u/A) . 
Narrow row Cors ey yielde d  2534 kg /ha o"r 3 7  . 6  bu/A at the lowes·t p l ant 
populati on whi ch was 4 14 kilograms or 6 . 1  bushels mor e  than wide row 
Corsey . Narrow row Anoka produced 2330 kg/ha or  34 . 6  b u/A for a 436  
kg or 6 . 5  b u  advant age . 
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Ch ippewa and Dunn ob tained over-all yield incre as es of 4 . 6% and 
2 . 5% ,  respectively , when planted in 10 inch rows comp?red wi th p lanting 
in 30 inch rows , compared to increases of 11 . 4% for Wi r th and 18 . 7% for 
both Cors ey and Anoka . Narrow sp acing (10 inch ) p roduced an over-all 
9 .  5% yield increase over 20 inch rows , and 11 . 6% ove r  30 inch rows . 
S oyb eans should b e  p lanted in narrow rows for b es t  yields "in S ou th 
Dako ta . 
Low population o f  only 80 , 000 p lants per acre produced a 4 . 2% 
yield increas e over 120 , 000 plants per acre and a 9 . 5% increas e  over 
160 , 000 p lants per acre . Variet ies were simi lar in th is respons e t o  
population . Low 19 71  mois ture conditions were p rob ab ly inf luential in 
caus ing de creas ed yields in p lo ts having highes t p lant p op ulations but 
i t  does appear th at very high populations are no t necess ary unde r  South 
Dako ta condi tions and over population can caus e lowering o f  yield 
po tential . 
Thes e res ults are s imilar to thos e of Nelson and Rob e r t s  ( 1 6 ) , 
Bernard and Hadley ( 1 7) , Cooper and Lamb ert ( 14) , Shib les , Lovely and 
Thompson (23) , Donavan , Dimma ck , and Cars on (5)  wh o rep or ted  tha t  
soyb ean yields were increas ed b y  p lanting i n  narrow rows varying f rom 
7 to 2 4  inches . Resp ons e is dependent on climate , s o i l  c ondi tion ,  
varieties us ed , leng th of growing s eas on , and maturi ty .  Res ults are 
dif ferent from the res ul ts of Hartwig ( 10) - ,  Smi th ( 2 4 ) , Cavines s  (3) , 
Leffel and Barb er ( 1 2 )  who found no effect of  row sp acing on s oyb ean 
yields . 
Re lations Between Yield Componen ts 
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Yield resp ons e of  s o'yb eans was correlated ·wi th many growth , p lant 
and s eed chara cters . Yield was no t correlated wi th s·eeds per pod  or 
seed s i ze (Tab le 29 ) . Mos t of thes e  as s ociations coul d b e  at trib uted to 
the relationship between row spacing and p lant population . The 
ins ignifi can t  correlation b etween yield and numb er o f  s eeds p er pod  
should b e  s tress ed . Cons idering th e number of p ods and s eeds per p lant , 
one migh t expect  that the variety having the larges t numb e r  o f  s eeds per 
pod would p roduce maximum yield . Yield p otential of th e s oyb ean plant 
is a function of  numb er of seeds per pod , plant p opulation and pods and 
s eeds per p lant s o  th es e componen ts mus t b e  cons idered together in 
variety s election . Vari e ties s o ld on the bas is of many-s eede d  p ods are 
probab ly no t s up e!ior . 
The differential yield response of s oyb ean varieties t o  p lant 
spacing is related to p lant and s eed characteris tics and grow th pat terns . 
Yield es timates were correlated by multiple regress ion analys is o f  
measured p lant factors o n  yield and tabulated values were analy zed o n  
a di gital computer f o r  the full regress ion es timate . The computational 
procedure whi ch was des igned to rank variab les in order of their 
reduc ti on o f  cumulative variance s ele cted only s eve11:_ independent 
variab les of app arent importance in yield de terminations . Th e 
res ul tant regres s i on equation (y=b o+b 1X1+b 2Xz . . • . • . • • • •  bn�) is : 
Yield = 9 16 . 7- 1 24 . 3X1 (row sp acing + 10 inches)  - 40 . 2  x2 
(plan t  population p er acre + 40 , 000 ) + 2 . 8  X3 ( s eeds per 
p lant)  + 6 . 0 x4 ( f ield p lant hei gh t  in centimeters ) + 6 4 . 0  
X5 (number o f  s teri le nodes ) + 18 . 0  x6 (grams 100 s eeds ) + 
2 . 7  X7 (plant s ample heigh t  in centimeters ) 
This equa tion produced a highly s ignifi cant Yield-P lant Factor value 
of 85 . 1% whi ch is much higher than any of the individual yield 
correlations . 
Th is type of  equation can b e  us ed to predi c t  yield p o tential o f  
new or untes ted varieties wi th di fferent row sp acings o n  p lant 
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populations . Res ults from th is typ e o f  analysis mi gh t · aid b reeders in 
develop ing s oyb ean varieties des igned for narrow row p lanting . 
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SUMMARY AND CONCLUSIONS 
This f ield experiment was conducted at Brookings , S outh Dako t a , in 
19 71 to s tudy e ffe cts of narrow row planting on yield and o ther s oyb ean 
characteris tics . Three row spacings , three plant populations and five 
soyb ean varieties were grown and thoroughly analyzed . P lant growth 
pro duced highly s i gni fi cant di fferences in s eed yield , p lant heigh t , 
canopy coverage , pod heigh t , leaf re tention , maturi ty ,  b ranching , 
podding , and s eed characters . 
Result s from this  s tudy indicated that the yield po t en ti al was 
highes t at the lowes t plant population in narrow rows . P lant heigh t  
a t  maturity was not af fected b y  either o f  thes e factors . Canopy 
coverage of s oyb ean p lants was maximum when grown in narrow rows . Leaf 
retention was increased  by close sp acing and low p lant p op ulation . 
Plant population had no effect  on maturi ty whi le narrow row p lanting 
delayed ma turi ty . Narrow row p lanting should reduce eros i on p otent i al . 
Branching and number of pods on main s tems or on b ranches were 
. 
affected by p lan t sp acing . Both branching and p o d  numb er de cre as ed as 
the row width de creased . S eed characters were influenced differently 
by spacing . · Numb er o f  s eeds per p lant was dependent upon row spacing 
and p l ant p opulati on . More seeds were ob tained wi th' 10 inch rows and 
low plant p opulation ( 80 , 000 p lants per acre) • . Number o f  seeds per  pod 
and s eed s i ze were no t related to yield , row sp acing o r  p lant p opula-
. tion . P lant spacing had no effect on oil and p ro tein content  o f  
s oyb eans . 
All varietie s gave the highes t yield at 10 inch row spa cing and 
the lowes t a t  30 inch s pacing . The average yield increas e in narrow 
rows was 11 . 6  percent over 30 inch rows . Cors oy and Anoka p roduced the 
highes t s eed yield and we re b es t  adapted t o  narrow rows . 
Relationships b etween charac teris tics were s tudied wi th s imp le 
linear corre lat ions . Mos t components had a s ub s tantial effect upon 
seed yie lds of s oybeans but number of s eeds per pod and s eed s i ze had 
no ass o ciation wi th yield . 
Mul tiple regres s i on analys is of yi eld and plant f�ctors resulted 
in a regres sion equati on containing s even independent variab les whi ch 
accounted for 85% o f  the obs erved differences in yield . 
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I APPENDIX 
Figure 1 .  Canopy Coverage o f  Soyb ean P lants in Narrow 
Rows ( 10 inch) . 
Figure 2 .  Canopy Coverage of  S oyb ean P lants in Wide 
Rows ( 30 inch ) • 
6 4  
' Figure 3 .  A Comparis on o f  Narrow and Wide Row S oyb eans 
at Maturi ty . (Righ t si de shows 10 i
.
nch 
rows . )  
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Fi gure 4 .  Branch ing o f  S oyb ean P lant s  in 
10 incl! Rows . 
Figure 5 .  Branch ing o f  S oyb ean P lants i n  
30 inch Rows . 
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